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On the anatomy of Iguanodon atherfieldensis
(Ornithischia: Ornithopoda)

by David B. NORMAN*

Abstract

The taxonomy of the species of the genus Iguanodon is reviewed.
It is concluded that the small skeleton from Bernissart referred
to as I. mantelli VON MEYER, 1832, is referable to the species I.
atherfieldensis HOOLEY. 1925. 1. mantelli is in turn an objective
junior synonym of I. anglicus (Holl, 1829) — the type species
of the genus.
The osteology of I. atherfieldensis from Bernissart is completely
reviewed and supplemented, where necessary, by information
from the holotype. The osteology of I. atherfieldensis is compared
to that of the closely related sympatric species I. bernissartensis
and other well-described ornithopods: Camptosaurus dispar,
Ouranosaurus nigeriensis, Hypsilophodon foxii and hadrosaurids.
It is concluded that since sexually dimorphic attributes cannot be
readily identified in /. atherfieldensis and I. bernissartensis, the
size differential between these species may well reflect ecological
partitioning as a resuit of compétition between closely related
species in the same environment; an analogous pattern is found
in living vertebrate species. Comparisons with related genera of
ornithopods permits a character analysis and systematic review of
these advanced ornithopod dinosaurs; this has generated a clado-
gram in an attempt to résolve phylogenetic relationships.
The myology of the forelimb and hindlimb of /. atherfieldensis has
been reconstructed as far as is presently possible and functional
and evolutionary observations are made.
The excavations at Bernissart that took place between 1878 and
1881 were well documented and these records are preserved in
the archives of the Royal Institute of Natural Sciences, Brussels.
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Introduction

The very rich fossil fauna and flora that was dis-
covered in the Lower Cretaceous clays at Bernissart
toward the end of the last century has attracted
considérable palaeontological interest. The domi¬
nant members of the terrestrial fauna are the dino¬
saurs and particularly the abundant remains attri-
butable to the genus Iguanodon (norman, 1980).
This second monograph is intended as the com-
panion of the 1980 paper, and reviews the anatomy
of the second species preserved at Bernissart: Igua¬
nodon atherfieldensis hooley 1925. In addition,
some aspects of functional morphology in the spe¬
cies will be considered, as well as the history of the
collections from Bernissart.
Until the early 1900's, the only reasonably well
described représentatives of the genus Iguanodon
were (i) the so-called "Maidstone specimen" (a par¬
tial skeleton preserved in a block of Kentish Rag)
which was described by mantell (1834, 1839,
1841) and also by owen (1851) and attributed to
the species I. mantelli von Meyer, 1832, and (ii)
the Bernissart material attributed to either I. man¬

telli or I. bernissartensis (dollo, 1882). However
in 1912, hooley discovered the finely preserved
partial skeleton of a small species of Iguanodon
near Atherfield Point on the Isle of Wight. He
produced several papers on this specimen attri-
buting it to /. mantelli (hooley, 1912), I. bernis¬
sartensis (hooley, 1917) before finally describing
it as a new species I. atherfieldensis hooley, 1925.
The problem of the spécifie identity of the new
specimen from Atherfield Point highlights a very
significant point in relation to the taxonomie status
of the genus as a whole. The published works on
Iguanodon to that date were woefully inadequate,
despite the relative abundance of comparative
material, a point that was made quite forcibly by
hooley (1925: 51-60). The present work therefore
is a comparative review presenting a thorough ana-
tomical description of the small, articulated skele¬
ton of the Bernissart iguanodontid referred to as
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I. mantelli (IRSNB 1551) with comparative infor¬
mation from the holotype of I. atherfieldensis
(BMNH R5764), I. bernissartensis (NORMAN, 1980)
and related iguanodontid dinosaurs where appro-
priate.
The small iguanodontid from Bernissart (IRSNB
1551) is represented by an almost complete skeleton
which was found in virtually perfect articulation in
situ at Bernissart (Fig. 1). The skeleton was cleared
of matrix, as far as was possible at the time, before
being studied by Dollo (1882) and was subse-
quently mounted for display purposes in 1884 (Fig.
2). In addition to this material, there are also a few
rather fragmentary remains of a rather smaller indi-
vidual of the same species; these are presently in
the Conservatoire of the Institut Royal des Sciences
Naturelles, Brussels (IRSNB "2Fbis" - Appendix I)
and have never previously been mentioned in any
published or unpublished lists of the Bernissart
fauna (Casier, 1960, 1978; Quinet, 1972).
This present work was made possible because of
the generosity of the Institut Royal des Sciences
Naturelles who kindly allowed the specimens in
their collections to be dismantled for further study.
Flowever, while it has proved possible to compile
extensive information on the postcranial skeleton
of the small species from Bernissart, the cranial
anatomy was not so amenable. The reason for this
is that the skull, as preseved, is laterally compres-
sed. As a resuit it was presumably not thought
prudent in the 1880's to try to clear ail the matrix
from the inner portions of the skull. In its present
state, the surface of the skull is very well-preserved,
although thickly coated with "gomme-lac" and can-
not be readily examined internally. Indeed further
préparation is potentially hazardous because it
would involve removal of the "gomme-lac". From
personal experience, the latter seems to provide
considérable mechanical support in many of the
Bernissart fossils and its removal tends to lead to

a catastrophic disintegration of the extremely frai-
ble fossil bone. Information on skull morphology
has therefore been supplemented by details from
the holotype and other fragmentary, but never-
theless well preserved, specimens available in the
British Museum (Natural History).

repository abbreviations

BMNH - British Museum (Natural History);
IRSNB - Institut Royal des Sciences Naturelles de

Belgique.

Diagnosis
Medium to large-sized advanced ornithopods (5-10
métrés long); antorbital fenestra reduced to a small
aperture with no fossa anterior to its margin; den-
tary teeth are broadly and approximately diamond
shaped in lingual view and asymmetrical, with
primary and secondary ridges separated by a
médian groove, and distal denticulate margin rolled
lingually to produce a slight cingulum; maxillary
teeth narrow, lozenge-shaped asymmetrical in
labial view with very prominent primary ridge
which is displaced distally. Vertebral column com¬
prises 11 cervicals, 16 or 17 dorsals, 5-7 sacrais and
40-50 caudals; pectoral girdle robust (scapular blade
not strongly expanded distally, coracoids broad);
humérus stout and relatively straight; carpus, mas¬
sive and well-ossified, with metacarpal I incorpo-
rated into wrist; digit I of manus modified into
conical ungual spine (first phalanx modified as a
thin, flat plate); ilium deep posteriorly with a broad
brevis shelf; ischium long, curved ventrally and
"footed" distally; fémur slightly longer than tibia,
4th trochanter crested and on the middle of the
shaft, fémoral shaft curved.

Genus IGUANODON Mantell, 1825

1825 Iguanodon Mantell: 179 (generic name only)
1828 Iguanosaurus RlTGEN: 273 (objective junior syno-

nym)
1841 Streptospondylus Owen: 91 (subjective junior

synonym)
1841 Cetiosaurus Owen : 94 (subjective junior synonym)
1843 Therosaurus fltzlnger: (objective junior syno¬

nym)

type species

Iguanodon anglicus (Holl, 1829).

additional valid species

Iguanodon hoggii Owen, 1874; I. dawsoni Lydek-
ker, 1888; I. fittoni Lydekker, 1889; I. bernissar¬
tensis boulenger, 1881*; I. atherfieldensis Hoo-
ley, 1925; and two dubious genera: I. orientalis
Rozhdestvenskii, 1952 (as currently defined, this
form is indistinguishable from I. bernissartensis)
and I. ottingeri Galton and Jensen, 1979 (Based
as it is on teeth, this taxon must be of dubious
status until more associated material is discovered).

Taxonomy

Order ORNITHISCHIA Seeley, 1888
Suborder ORNITHOPODA Marsh, 1881

Family IGUANODONTIDAE Huxley, 1870

* I am indebted to Dr. Pierre Bultynck for pointing out that my
attribution of the authorship of I. bernissartensis to Van Bene¬
den, 1881 (Norman, 1980) was incorrect.
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Diagnosis
Iguanodontids of the Ryazinian to lower Aptian of
Eurasia; skull long and tall in occipital view;
supraoccipital exluded from the foramen magnum;
premaxillae moderately expanded, dorsal médian
process of premaxillae extends backward between
and below nasals; palpebrals, which articulate on
prefrontal alone, loose, long and slender sometimes
with a small accessory; predentary strongly denticu-
late anteromedially. Vertebral column comprises:
11 cervicals, 17 dorsals, 6-7 sacrais and 45+ caudals;
neural spines of mid-dorsal series 2-3 times height
of centrum and not expanded apically. Hatchet
shaped sternal bones; tendency to ossify the carti¬
lage of the médian sternal plate; ossified ligaments
in the carpus; (?) ungual of digit IV of manus lost,
unguals of digits II and III flattened; metatarsal I
splint-like; posterior ramus of pubis slender and
shorter than ischium.

Iguanodon atherfieldensis Hooley, 1925

1925 Iguanodon atherfieldensis HOOLEY: 3.

Hoiotype:
BMNH R5764 a partial associated skeleton from
the Wealden Shales near Atherfield Point, Isle of
Wight, U.K.

Age:
Barremian - Lower Aptian.

Referred specimens:
IRSNB 1551 (an almost complete skeleton from
the "Bernissartian" of Bernissart, Belgium). In
addition to this fine specimen there are considér¬
able collections of material referrable to this species

at the British Museum (Nat. Hist.) both particularly
from the Isle of Wight and Ockley in Surrey.

Diagnosis:
Small ('gracile') species of Iguanodon (6-7 métrés
in length). Skull long and low with slender lower
jaw; palpebral long and slender (no accessory); no
posterodorsal expansion of the supraoccipital plate
(poorly ossified); maximum 23 vertical tooth posi¬
tions in the maxilla — 20 in dentary. Posterior dor¬
sal and anterior caudal vertebrae not strongly com-

pressed, antero-posteriorly; dorsal and caudal
neural spines tall and slender; sacrum composed of
6 true sacrais and 1 sacrodorsal. Scapula moderately
expanded distally; coracoid foramen completely
enclosed externally; phalangeal formula: 2, 3, 3, 3,
3. Brevis shelf of ilium not very well developed;
anterior pubic ramus laterally compressed and very
deep; metatarsal I narrow and spine-like. [Limb
proportions differ markedly from its sympatric
contemporary I. bernissartensis indicating a prima-
rily though not exclusively bipedal mode of progres¬
sion (Fig. 66).]

brief discussion

A complete systematic review of the genus Iguano¬
don is beyond the scope of this paper. However a
few comments are necessary in order to explain the
foregoing taxonomie assignment.
The genus Iguanodon was founded by Gideon
mantell in 1825 on the basis of seven teeth which
had been collected from the Tilgate Forest area of
the Wealden of Sussex; they were discovered in
coarse conglomerate known as Tilgate Grit. Of
these seven teeth, five have been re-located in the
collections of the BMNH (Norman, 1977).

Fig. 1. - Iguanodon atherfieldensis. IRSNB 1551 (T). The skeleton as originally preserved at Bernissart, from an original
drawing by G. Lavalette (archives, IRSNB redrawn by D. Nicholls).
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Because of the fluviatile nature of the deposits in
which the teeth were found, there is no proven
association (each may well have come front a dif¬
ferent individual); these specimens therefore con-
stitute a series of paratypes. From these, I have
selected the best, and most frequently illustrated,
example (BMNFI R2392) as the lectotype (Man-
TELL, 1825: pl. XIV, figs. la, lb).
Considérable taxonomie confusion surrounds the

original material described by Mantell because
he failed to propose a spécifie name (notwithstand-
ing the obvious problem created by erecting taxa
on the basis of isolated teeth). holl (1829) was
the first to propose a spécifie name for the teeth
which Mantell had described: Iguanodon angli-
cum*. Unfortunately, Holl published the first

* Incidentally Iguanodon translitérâtes as a masculine Greek
noun, since the species name anglicum proposed by Holl has
the neuter gender ending, this is emended to the correct mascu¬
line form anglicus. Thus the type species of the genus becomes
Iguanodon anglicus (Holl, 1829).

valid spécifie name for Iguanodon in an obscure
publication which was either unknown to, or ignor-
ed by, most of the people working in this field.
Von Meyer (1832) proposed the name I. mantelli
for the material first described by Mantell, and
referred to it as well as some teeth described by
CuviER (1825) and some other fragments described
by Murchison (1829) and Mantell (1827). Fol-
lowing von meyer, most of the material subse-
quently discovered in southern England was refer¬
red by Owen in his monographie review of British
fossil reptiles (Owen, 1841) to I. mantelli von
Meyer, 1832 [although Owen incorrectly attri-
buted the spécifie name to cuvier].
Iguanodon mantelli von meyer, 1832, despite its
prevalence in the literature on Iguanodon since the
time of Owen, is clearly an objective junior syno-
nym of I. anglicus (Holl, 1829). The name Iguano¬
don mantelli cannot therefore be maintained for
material such as the renowned specimen (IRSNB

Fig. 2. - Iguanodon atherfieldensis. IRSNB 1551 (T). The
skeleton as mounted for display, circa 1884.
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1551) from Bernissart. It is also inadvisable to refer
this skeleton to the type species I. anglicus for two
reasons: (i) the type specimen is a tooth, and as
such it is not sufficiently reliable for species-level
identifications and (ii), the type tooth comes from
the Tilgate Grit, which is currently dated as Haute-
rivian, while the material from Bernissart is more

probably Barremian-Lower Aptian in age so that
there would appear to be a significant time differen-
tial between type and referred material.
The taxonomie status of IRSNB 1551 ("/. mantelli")
is therefore brought into question. Since 1841 seve-
ral species of Iguanodon have been proposed. I.
hoggii Owen, 1874; I. dawsoni Lydekker, 1888;
and I. fittoni lydekker, 1889; these latter are all
early Wealden Ryazinian-Hauterivian in age and
are readily distinguished from the Bernissart spe¬
cies. Of the late Wealden forms that have been
proposed, Sphenospondylus (= Iguanodon) gracilis
(Lydekker, 1888) is an indeterminate series of
dorsal vertebrae. By contrast, I. bernissartensis
Boulenger, 1881, is based on an excellent com¬

plete skeleton — IRSNB 1534 (Norman, 1980) [/.
seelyi Hulke, 1822, is a subjective junior synonym
of I. bernissartensis]. The remaining species: I.
atherfieldensis hooley, 1925, is represented by
a well-preserved partial skeleton; comparison
between these two specimens, the holotype of I.
atherfieldensis (BMNH R5764) and the Bernissart
skeleton (IRSNB 1551) reveals no significant diffé¬
rence in morphology, contrary to the statements of
Hooley (1925). IRSNB 1551 is therefore referred
hereafter to the species I. atherfieldensis Hooley,
1925.

Skull

general description

The description of most of the superficial skull
bones is based on IRSNB 1551. Additional informa¬
tion primarily concerning the anatomy of the endo-
cranium, the dermal bones of the palate and the
nasal and buccal cavities comes from the holotype
(BMNH R5764) and other more fragmentary mate¬
rial in the collections of the British Museum (Nat.
Hist.).
The skull, which is 54 cms long, has the outward
appearance of a tapering oblong, the highest por¬
tion of which is the skull table above and posterior
to the orbital cavity (Figs. 3-7). From the skull
table, the upper border curves downwards in a
smooth curve to the edentulous premaxillary beak;
the latter forms a step where it projects below the
level of the maxillary tooth row. The ventral margin
of the maxilla is slightly concave and the tooth row
extends backward to lie beneath the orbit. The qua-
drate forms the posterior margin of the skull des-
cending in a marked curve from the massive, over¬
hanging, paroccipital process. The notch between
the quadrate and the distal end of the paroccipital
process presumably marked the position of the tym-
panic membrane (cf. ostrom, 1961, in Corytho-
saurus). The extreme length of the quadrate results
in the notable ventral displacement of the jaw arti¬
culation, a typical herbivore adaptation in reptiles.
The triradiate jugal spans the gap between maxilla
and the suspensorium (quadrate + pterygoid com¬
plex). The skull openings are particularly well

Fig. 3. - I. atherfieldensis. Restoration of the skull and lower jaw in latéral view, based on IRSNB 1551 and BMNH R5764.
(For abbreviations see pages 371-372).
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Fig. 4. -I. atherfieldensis. Restoration of the skull in dorsal view, based on IRSNB 1551. (For abbreviations see pages371-372).

developed in I. atherfieldensis, especially that for
the eye, a feature that is often attributed to the
juvénile status of an individual. Unlike most other
non-hadrosaur ornithopods, the palpebral ( =
supraorbital of others) bone follows the contour of
the anterodorsal margin of the orbit, terminating
as a sharp point above the posterodorsal orbital
margin. The antorbital fenestra is reduced to a

small aperture between the maxilla and lachrymal;
there is no development of an antorbital fossa as is
the case in Hypsilophodon GALTON, 1974) and
related genera.
In dorsal view (Fig. 4) the extreme narrowness of
the elongate snout région is immediately apparent,
as is the latéral flaring of the premaxillae to form
a spoon-like beak. The skull table is broadest across
the orbits, the frontal plate is slightly concave and
the supratemporal fenestrae are large elliptical slits
separated by a small, médian, sagittal crest.

Fig. 5.-I. atherfieldensis. Restoration of the skull in
occipital view, based on IRSNB 1551 and I. ber-
nissartensis (Norman, 1980).

Posteriorly (Fig. 5) the occiput is quite narrow and
tall, flanked on either side by the large, wing-like
paroccipital processes which extend obliquely
outward and backward, and the pillar-like qua-
drates. Wedged between the paroccipital wings lies
the small supraoccipital enclosed dorsally by the
parietals and ventrally by the exoccipital bar. The
exoccipitals form pillars on either side of the dorso-
ventral ellipse of the foramen magnum; the occipi¬
tal condyle is roughly hemispherical, with a slight
dorsal cleft where it forms the floor of the endo-
cranial cavity.
Ventrally (Fig. 7) the extreme narrowness and great
height of the naso-buccal cavity is striking. Ante-
riorly, the premaxillae form a low-vaulted roof to
the anterior portion of the buccal cavity and a
partial secondary hard palate. Latéral to the maxil-
lary dentitions, the 'cheek' recesses are clearly
shown. Posterior to the buccal cavity, the endocra-
nium is partly shielded by the pterygoid elements
of the palate; the sub-temporal fenestrae are large
and each is subdivided by the oblique pterygo-
quadrate wing.

DERMAL BONES OF THE SKULL ROOF

The premaxillae (Figs. 3-8) are quite complex,
forming the framework for the bones of the snout.

Posterodorsally, they form a long curved and taper-
ed, style-like process which lies beneath and partly
within the midline, nasal suture. The latéral edges
of this process are bevelled to receive the rostral
process of each nasal. The premaxillae curve
smoothly downward to the tip of the snout; this
rostral area has a roughened and pitted external
surface for the attachment and growth of a horny
beak. On either side, the premaxillae are expanded
laterally to produce a flared "beak", which is accen-
tuated by the deep dorsolateral excavations for the
external nares. Posterolaterally, each premaxilla
develops an extremely long narrow process which
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Fig. 6.-I. atherfieldensis. IRSNB 1551. Latéral views of
the skull as preserved.

passes obliquely upward and backward toward the
orbit, lying against the maxilla and terminating in
an overlapping suture with the lachrymal. The
nasals rest upon the posterodorsal portion of the
premaxilla so that the large, trumpet-shaped exter-
nal naris is entirely enclosed by nasal and prema¬
xilla. Ventromedially, the premaxillae are modera-
tely vaulted and extend backward to produce a
small hard palate separating the anterior parts of
the nasal and buccal cavities. The periphery of the
premaxillary "beak" is somewhat thickened and
irregular, with a series of pits arranged symmetri-
cally on either side of the midline. These "pits"

coincide with the position of bony spikes on the
occlusal margin of the predentary and probably
represent occlusal sockets. As in I. bemissartensis
(Norman, 1980) there is a partial internarial sep-
tum.

The maxilla (Figs. 3, 6, 7, 9 and 10) is the stoutest
bone in the skull and is approximately triangular in
shape and is very similar in its général proportions
to that of /. bemissartensis. The ventral margin
describes a shallow concave curve terminating in a
narrow spine-like anterior process which lies medial
to the posterolateral margin of the premaxillary
beak. The anterior 5 cms of the ventral margin of
the maxilla is edentulous, but the remainder is
devoted to accommodating an integrated battery of
teeth in a continuous alveolar trough. The dentition
is essentially straight for much of the length of the
maxilla, but shows a distinct out-turning at its pos-
terior end. Dorsal and latéral to its posterior end,
the maxilla is overlapped by a thin, strap-like ecto-
pterygoid which in turn curves outward to contact
the jugal; the latter locks against a short, finger-like
process developed from the latéral surface of the
maxilla immediately beneath the orbit. Immedia-
tely anterior to the jugal, the maxilla is sutured to
the lachrymal before separating from the latter to
form a small antorbital fenestra. There is no fossa
associated with the antorbital fenestra, as is found
in hypsilophodontid ornithopods (galton, f974)
see Figure 67 e, but simply a small channel, lined
by the lachrymal and maxilla, which is directed
posteromedially toward the orbital cavity. Anterior
to the antorbital fenestra, the maxilla contacts the
premaxilla in a long oblique suture. Medially
(BMNH R5764) the maxilla has a vertical inner
surface. Above the alveolar margin there is a thin,
textured alveolar parapet (Fig. 10), delimited dor-
sally by a shallow groove tracing the arcade of nutri¬
tive foramina which penetrate the maxilla at the
base of each tooth family near the position of the
presumed dental lamina (edmund, 1957).

Fig. 7.-I. atherfieldensis. Restoration of the skull in ventral view. Based on IRSNB 1551, BMNH R2501 and I. bemis¬
sartensis (Norman, 1980).
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Dorsally, the maxilla has a medial shelf which pre-
sumably formed the latéral part of the floor of the
nasal cavity. Posteriorly the medial edge of the
maxilla forms the attachment area for the pterygoid
and palatine.
The external surface of the maxilla is quite promi-
nently marked with foramina, both large and small
which emerge obliquely on to the maxillary surface
in the dorsal portion of the cheek recess. A similar
arrangement is found in the dentary in the area of
the cheek recess. The most reasonable interpréta¬
tion of this phenomenon would appear to be that
fleshy cheeks were present in this species and other
ornithischians as proposed Hooley (1925), Lull
and Wright (1942) and Galton (1973) and that
the foramina represent a copious neural and vascu-
lar supply to this area.
The nasals (Figs. 3, 4, 7, 10 and 11) are thin, arched
bones roofing the anterior portion of the snout
posterior to the nostrils. In IRSNB 1551 (Fig. 6)
they are laterally compressed and pushed back-
ward. Sutured together for much of their length,
they diverge anteriorly, where they become thin
and style-like and lie in bevelled recesses along
either side of the médian dorsal process of the pre-
maxillae. Posteriorly, the nasals meet and overlap
the frontals in a transverse suture. Laterally the
nasals form an oblique suture with the prefrontal,
curving anteroventrally to meet the posterior end
of the inferior premaxillary process. The ventral
margin of each nasal is grooved (BMNH R5764) so
that it locks on to the dorsal margin of the pre-
maxilla. Anteriorly the nasals are smoothly emargi-
nated to form the posterior margin of the external
nares.

The lachrymal (Figs. 3, 7, 12) is approximately rec-
tangular in external view; its posterior edge forming
the anteroventral margin of the orbit. The ventral
edge is arched dorsally above the antorbital fenestra
and posteriorly contacts the dorsal part of the ante¬
rior tip of the jugal. Anterior to the antorbital
fenestra, the lachrymal is overlapped by the dorsal
edge of the maxilla and, as can be seen in BMNH
R5764, is in fact wedged in position by a médian
peg-like projection from the maxilla (Fig. 9 lp) and
the thin external wall. Anteriorly, the lachrymal is
overlapped by the posterior extremity of the pre-
maxilla and also dorsally by the prefrontal. The
latéral surface of the lachrymal is slightly convex
and has some low relief ornamentation. The orbital
surface of the lachrymal is quite narrow and there
is a large vertically elliptical lachrymal foramen
which runs horizontally forward into the nasal cavi¬
ty. The medial surface of the lachrymal is not visible
in IRSNB 1551 but in BMNH R5764 the lachrymal
is quite complex with several distinct dépressions;
ventrally these are for the lachrymal process of the
maxilla and the latéral wall of the passage from the
antorbital to the orbit. Dorsally, there are areas for

5cm

Fig. 8.-I. atherfieldensis. BMNH R5764 (Holotype).
Isolated premaxilla in latéral (A), ventral (B) and
dorsal (C) views. Nasal extension removed in
dorsal view.

the exit of the lachrymal duet and the latéral wall
of the nasal cavity.
Dorsal to the lachrymal, the prefrontal (Figs. 3, 7,
10, 13) continues the margin of the orbit antero-
dorsally and is sutured to the nasal and frontal
bones. In addition, the palpebral (= supraorbital)
is attached albeit loosely to the slightly convex ven¬
tral part of its latéral surface. The suture with the
nasal follows a curved path across the roof of the
snout before meeting the frontal in a short trans-
verse suture which ends on the orbital margin. The
ventral portion of the orbital margin of the prefron¬
tal is smoothly rounded, however as it sweeps pos-
terodorsally, this develops into a slightly everted,
rugose edge. The rugosity extends backward on to
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the frontal and postorbital where these lie adjacent
to the palpebral and suggests that connective tissue
tied the palpebral in position against these bones
on the margin of the orbit. The prefrontal is quite
thin and excavated internally (Fig. 13) where it
encloses the nasal cavity.
The frontals (Fig. 4) form a very broad, flat plate
between the orbits. Anteriorly the frontals are over-
lapped by the nasals in a transverse suture, which is
continuous with the short frontal-prefrontal suture
near the edge of the orbit. After a short orbital
exposure, the frontals meet the postorbitals in a long
curved suture which skirts the anterior margins of
the supratemporal fenestra and terminâtes at a short
junction, near the midline, with the parietals.
As in I. bemissartensis, the parietals (Fig. 4) are
completely fused and form a roughly rectangular,
saddle-shaped cap to the endocranium. The sagittal
crest is well-developed and separates the large
supratemporal fenestrae. Posteriorly the parietals
are overlapped by tongue-like medial extensions of
the squamosals, while anterior to the sagittal crest,
the parietals diverge to meet the medial portion of
the postorbitals.
The postorbital (Figs. 3, 4, 7) is a large, tri-radiate
bone partially separating the orbital and temporal
cavities. In latéral view the postorbital forms the
posterodorsal portion of the orbit and produces a
tapering, curved ventral (jugal) process which
meets and overlaps the jugal thereby separating the
orbit from the latéral temporal fenestra. Posteriorly
the postorbital sends a curved and similarly tapering
process to meet and overlap the squamosal sepa¬
rating the supratemporal from the latéral temporal
fenestra; this posterior process is triangular in cross-
section and distally it divides into two slender pro¬
jections which lie in grooves on the dorsal and laté¬
ral surfaces of the squamosal.
The squamosal (Figs. 3, 4, 7, 14) forms the poste¬
rodorsal corner of the skull bounding the posterior
part of the supratemporal fenestra and connects the
braincase medially to the suspensorium ventrally
and the postorbital région anteriorly. Medially the
squamosal is firmly united to the anterior and laté¬
ral portions of the paroccipital process and the
parietal. The posterior portion of the squamosal
forms an oblique plate which lies against the paroc¬
cipital process; the anterior dorsal portion of this
plate has a deep hemispherical dépression which
receives the head of the quadrate. Anterior to the
socket for the quadrate, the squamosal develops an
oblique ventral finger-like process which braces the
quadrate against forward rotation. Above this latter
process a stout process arches forward to meet and
underlap the postorbital; this process is roughly
triangular in cross-section, with a concave inner
surface, facing the braincase and a slightly convex
dorsal surface which is separated from the latéral
surface by a distinct overhanging ledge.

The jugal (Figs. 3, 7, 15) spans the lower border
of the orbit contacting the lachrymal anteriorly and
curving upward and backward to meet the postorbi-
tal. Posterior to the postorbital-jugal bridge, the
jugal also forms the lower half of the latéral tempo¬
ral fenestra and contracts the anterior edge of the
quadrato-jugal in a long overlapping suture. There
is no dorsal contact between the jugal and the qua¬
drate. The ventral border of the jugal is sinously
curved. Anteriorly, the jugal rests against an obli¬
que finger-like process developed on the latéral sur¬
face of the ntaxilla (BMNH R5764 - Fig. 9) and is
also tied in position by the distal end of the strap-
like ectopterygoid.
The quadrato-jugal (Figs. 3, 7) is a thin plate of
bone which separates the jugal and the quadrate.
Dorsally, the quadrato-jugal is spine-like and wrap-
ped around the enterolateral margin of the qua¬
drate and ventrally it spans the quadrate "notch"
to enclose the quadrate foramen.
The palpebral (Figs. 3, 4, 16) found in ail but the
most advanced ornithischians (hadrosaurids) is a

long slender element in this species. lts base is
expanded and slightly concave, fitting against the
convex latéral surface of the prefrontal. From this
apparently articular area, the bone sweeps outward
and upward following the dorsal margin of the orbit
terminating as a sharp point latéral to the postorbi-
tal. The external surface is smooth and rounded,
but the side adjacent to the orbit margin is very
rugose presumably reflecting connective tissue
attachment for this otherwise very loosely attached
bone. There is no accessory palpebral as found in
I. bemissartensis (Norman, 1980).

dermal bones of the palate

The vomers are not presently known in any speci¬
men of I. atherfieldensis. In IRSNB 1551 latéral
compression of the skull makes these elements
totally inaccessible. An arrangement of the vomers
similar to that seen in I. bemissartensis has been
assumed (Fig. 10).
The palatines (Figs. 7, 10) are large curved plates
of bone visible through the orbit. Attached to the
posteromedial margin of the maxilla and backed by
the anterior ramus of the pterygoid, they curve
dorsally and medially forming the latéral wall to
the posterior nasal cavity.
The pterygoids (Figs. 5, 7, 10) are complex, thin
bones which connect the suspensorium to the brain¬
case and anterior palatal elements. As was the case
with the vomers these bones are largely unknown
in the holotype of I. atherfieldensis, and are inac¬
cessible in the referred specimen (IRSNB 1551).
The posterior portion of the pterygoid overlaps the
medial wing of the quadrate and a shallow groove
for its reception can be seen on the quadrate of
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the holotype (BMNH R5764). The pterygoids are
therefore reconstructed from I. bernissartensis.
The ectopterygoid (Fig. 7) is visible in IRSNB 1551
and is a thin strap-like bone which lies across the
posterior end of the maxilla (Fig. 9) and curves
sharply outward to contact the medial surface of
the jugal. In the holotype the internai surface of
the jugal (Fig. 15) shows a smooth, cup-shaped
dépression at the point of contact with the ectopte¬
rygoid.
As in most ornithopods, the ectopterygoid probably
extends forward from the latéral surface of the
maxilla across the maxilla to the jugal, effectively
tying these bones together.

suspensorium

No epipterygoid is preserved in Iguanodon, how-
ever the quadraîe (Figs. 3, 5, 6, 7, 10, 17) is a very
large element. Essentially pillar-like in occipital
view (Fig. 5) its anterior surface is modified by the
development of divergent wing-like plates: the
jugal and pterygoid wings. The former is laterally
positioned and contacts the quadrato-jugal; its ante¬
rior margin is notched in the middle for the qua-
drate foramen. The medial or pterygoid wing is
very thin, deep and overlaps the pterygoid quite
extensively. The head of the quadrate is small and
convex and fits into a deep socket in the squamosal;
behind this there is an oblique plate formed of the
squamosal and in front a finger-like process is wrap-

ped around the dorsal edge of the jugal wing (Fig.
14). The distal end of the quadrate is a somewhat
obliquely expanded articular condyle.
The posterior edge of the quadrate is quite strongly
curved, especially when compared to the much
straighter form seen in I. bernissartensis (Fig. 67 B).

the endocranium

The endocranium is only partially visible in the
referred specimen IRSNB 1551 and is totally absent
from the holotype. The information cornes from a

particularly well preserved isolated endocranium
(BMNH R2501 - Fig. 18) described in some detail
by Hulke (1871) and Andrews (1897).
The supraoccipital (Figs. 5, 18) is not ail well pre¬
served either in IRSNB 1551 where it can be seen

in occipital view or in BMNH R2501. It comprises
a narrow, moderately thick plate of bone wedged
into the centre of the occiput; it is enclosed ven-
trally by a horizontal bar formed by the exoccipi-
tals, laterally by the base of the paroccipital pro¬
cesses and dorsally by the parietals (medially) and
the squamosals (laterally).
In I. bernissartensis this bone is quite well defined
(Norman, 1980) but in I. atherfieldensis this bone
appears to be poorly ossified and rather indistinct.
The exoccipitals and opisthotics (Figs. 5, 18) appear
to be indistinguishably fused in the specimens cur-
rently available; most probably these bones fused
early in development (a common phenomenon).

Fig. 9.-I. atherfieldensis. BMNH R5764 (Holotype). Isolated left premaxilla in latéral (A) and ventral (B) views.
(Incomplete).
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Fig. 10.-1. atherfieldensis. Restoration of the skull and lower jaw in sagittal section. Based on IRSNB 1551, BMNH
R5764, R2501 and I. bernissartensis (for profile of palate complex).

The posterior "exoccipital" portion of the parocci-
pitals completely surround the foramen magnum
excluding both the supraoccipital and the basiocci-
pital. Laterally the paroccipitals sweep upwards and
outwards to form large wing-like processes sup-
porting the squamosal and quadrate. Distally the
paroccipital processes curve sharply ventrally
ending in hook-like projections behind the quadra¬
te. The notch left between paroccipital wing and
quadrate is assumed to have been an area for the
tympanic membrane following colbert and
ostrom (1958) and ostrom (1961) in hadrosau-
rids. However it should be noted that there is no

obvious tympanic crest on the quadrate and, as
Wever (1978) has noted, many reptiles receive
air-borne sounds through the skin covering the
auditory meatus, an expanded depressor mandi-
bulae, or through the quadrate. It is possible there -

fore that Iguanodon and ornithopods generally
could have detected air-borne sounds without a

définitive tympanum.
Anterior to the paroccipital wings, the latéral wall
of the braincase is massive and thickened, here the
opisthotic forms a small part of the otic capsule
dorsally and ventrally it provides exits for various
cranial nerves.

In typical reptiles the opisthotic forms the posterior
part of the fenestra ovalis and extends backward to
meet the exoccipital enclosing the exits for cranial
nerves VIII-XI (see Fig. 18).
The proötic (Fig. 18) forms part of the concave
inner wall of the temporal cavity; anteriorly, it is
overlapped by the laterosphenoid, while ventrally
it forms the posterior part of the Trigeminal fossa
(for cranial nerve V), the channel for the Facialis

(nerve VII) and the anterior margin of the fenestra
ovalis. The proötic typically forms most, if not all
of the osseus labyrinth. The internai surface of the
cranial cavity bulges inward in the région of the
inner ear constricting the cerebellar région of the
brain cavity.
The laterosphenoid (= pleurosphenoid) (Fig. 18)
forms the anterior part of the latéral wall of the
braincase. Anteriorly the laterosphenoid sweeps
outward to contact the postorbital creating a partial
séparation of the orbital and temporal cavities. The
ventral edge of this bone is deeply recessed to carry
the ophthalmic branch of cranial nerve V (Trige¬
minal) toward the posterior edge of the orbit.
The orbitosphenoid (Fig. 18) is well-ossified and
forms the anteroventral floor of the endocranial

cavity at the back of the orbital cavity. It is sutured
to the laterosphenoid and (?) frontal laterally, the
basisphenoid posteriorly, the parasphenoid ven¬
trally and is pierced by several foramina.
In the dorsal midline the orbitosphenoid forms
the floor to the passage for the olfactory nerves.
Posteriorly there are exits for cranial nerves IV
(Trochlear) and II (Optie) and a small foramen for
the médian palatine artery.
The sphenethmoid région of the skull was evidently
cartilaginous and is not preserved in any of the
fossils currently available.
The parasphenoid (Figs. 7, 18) of dermal origin
forms the anteroventral surface of the braincase. In
ventral view it is a triangular plate with a relatively
short anterior cultriform process extending back as
a flattened plate lying against the basisphenoidal
tubera. The posterior corners of this plate form
posterolaterally directed basipterygoid processes.
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The basisphenoid (Figs. 6, 10, 18) forms the central
portion of the floor of the braincase and is sutured
to the parasphenoid anteriorly, the proötic and
laterosphenoid dorsally and the basioccipital poste-
riorly. The posterior part of the basisphenoid is
broad and developed into two large swellings, the
basai tubera. The latéral surfaces of the basai
tubera are convex but anteriorly, beneath the exit
of the Facialis (nerve VII) there is an oblique
groove running down to the aperture for the Vidian
canal for the palatine branch of nerve VII. Antero-
dorsal to this groove there is a broad flange of bone
beneath the trigeminal fossa with very prominent
surface markings. Farther anteriorly the basisphe¬
noid meets the orbitosphenoid along the plane of
the pituitary fossa; cranial nerves III and VI emerge
from the braincase along this suture.
The basioccipital (Figs. 6, 10, 18) forms the poste¬
rior foundation to the floor of the braincase and
the occipital condyle. The latter is large, approxi-
mately hemispherical and posteroventrally direct-
ed. Anterior to the occipital condyle, the body of
the basioccipital is sharply contracted and fused to
the basisphenoid between the basai tubera.

max

5cm

Fig. 11.-I. atherfieldensis. BMNH R5764 (Holotype).
lsolated right nasal in medial (A), latéral (B) and
ventral (C) views.

and it is not immediately obvious whether the
parasphenoid or basisphenoid forms the entire
basipterygoid process or whether the basisphenoid
is covered superficially by parasphenoid.

Fig. 12.-I. atherfieldensis. BMNH R5764 (Holotype).
lsolated left lachrymal in latéral (A) and medial
(B) views. (For abbreviations see pages 371-372.)
(Incomplete).
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Mandible

Each ramus of the lower jaw is very stoutly con-
structed (Figs. 3, 7, 10, 19) although the dentary
symphysis is curiously small and weak. However,
the symphysis is supported by the crescentic pre-
dentary. The main body of each jaw is twisted longi-
tudinally, with medially positioned teeth and an
elevated, laterally positioned coronoid process.
Behind the latter, the jaw descends steeply to the
jaw articulation. Behind the glenoid, there is a
small, upturned retroarticular process. The mandi-
bular (adductor) fossa is quite narrow and confined
to the area between the coronoid process and the
glenoid.
The lower jaw is remarkable for the proximity of
each jaw ramus which leaves a very narrow parallel-
sided buccal cavity.
The predentary is somewhat scoop-shaped and sits
upon the spout-like anterior margins of the dentaries
above the dentary symphysis. The predentary is
anchored to the dentary margins by means of a bi-
lobed ventral plate which locks against the dentaries
on either side of the symphysis. The external surface
of the predentary is slightly rough and irregular,
particularly so near the upper occlusal margin where
there are numerous small vascular foramina. In life
the predentary was undoubtedly covered by a kerati-
nous beak. The occlusal margins of the predentary
are identical to I. bemissartensis (Norman, 1980)
having a sharp, denticulate anterior médian portion
transforming gradually into a low latéral margin and
inner occlusal shelf farther laterally and posteriorly.
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Fig. 13.-I. atherfieldensis. BMNH R5764 (Holotype).
Isolated left prefrontal in latéral (A) and medial
(B) views. (Incomplete).

The dentary tapers to a rounded point anteriorly
and latéral to the small horizontal dentary symphy-
sis. The dorsal border curves upward and backward
marking the contact point with the predentary,
there is then a short diastema before the develop-
ment of the scalloped margin of the dental battery.
The teeth are not anchored in separated sockets
but rather in a continuous groove and are retained
medially by an alveolar parapet (Fig. 19 al. p).
Although there are no interdental plates, the inter¬
nai alveolar walls of the dentary are moulded to
the shape of the emergent roots and crowns of the
teeth so that they are continuously supported.
Beneath the alveolar parapet there is a shallow
longitudinal groove with regularly spaced foramina
which penetrate the base of the alveolar furrow and
presumably supplying nutrients to the dental lami-
nae. Latéral to the dentition, there is a broad shelf
(cheek recess) at the posterior end of which arises
the coronoid process.
Medially, below the alveolar parapet, the dentary
is undercut by a long Meckelian groove which is
shallow anteriorly but becomes very broad poste-
riorly and opens into the mandibular fossa. The
postdentary bones key into the posterior and medial
parts of the dentary.
The coronoid lies on the medial surface of the coro¬

noid process of the dentary and is a small lozenge-
shaped bone which can be just seen as a dorsal rim
in latéral view.

pob.s

Fig. 14. — I. atherfieldensis. BMNH R5764 (Holotype).
Isolated left squamosal in latéral (A), medial (B)
and occipital (C) views.
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Fig. 15.-I. atherfieldensis. BMNH R5764 (Holotype).
Isolated left jugal in latéral (A) and médiat (B)
views.

The surangular has a large latéral exposure, it slots
into the posterior surface of the coronoid process
and underlaps the dentary ventrolaterally. The dor¬
sal border of the surangular descends steeply to the
glenoid forming the latéral border of the mandi-
bular fossa and contributing to more than half of
the articular surface of the glenoid. A small sur¬
angular foramen runs into the mandibular fossa just
anterior to the glenoid.
The angular lies along the posterior ventral end of
the jaw and has a small latéral exposure on the
mandible; it also has an overlapping suture with the
dentary and sits in a groove along the ventral sur¬
face of the surangular.
The splenial is a thin elongate plate of bone which
lies across the Meckelian groove from a position
close to the symphysis and terminâtes medial to the
glenoid fossa between the prearticular dorsally and
the angular ventrally.
The articular is a small lozenge-shaped bone lying
between the surangular and preaticular forming the
medial part of the articular surface of the glenoid
and the medial part of the retroarticular process.
The prearticular lies dorsal to the spenial and
against the medial surface of the dentary. Poste-
riorly it forms the medial margin of the mandibular

fossa, skirting the medial edge of the glenoid and
terminating along the side of the articular.

Hyoid elements

The hyoid apparatus (Fig. 20) is represented by
slender, curved bones which have been found in
association with the mandible in several specimens.
These elements have been homologized with the
lst ceratobranchials of living reptiles (Norman,
1980). In I. atherfieldensis these bones are particu-
larly long and slender, quite broad and abruptly
truncated anteriorly with a very "unfinished" ante¬
rior surface suggestive of a cartilaginous capping;
they taper posteriorly and are quite strongly curved
(convex ventrally).

Dentition

The teeth of I. atherfieldensis are virtually indistin-
guishable from those of I. bernissartensis (NOR¬
MAN, 1980) to such an extent that the description
applied to the latter could equally well apply to I.
atherfieldensis. The main différences are simply
those of size. The number of vertical tooth positions

5cm

Fig. 16.-I. atherfieldensis. IRSNB 1551. Palpebral (left)
in latéral (A), dorsal (B), medial (C) and ventral
(D) views.
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Axial skeleton

— The vertebral column of I. atherfieldensis is known
Fig. 18.-I. atherfieldensis. BMNH R2501. Isolated par- almost completely as a resuit of the information

tially eroded endocranium. (For abbreviations furnished by the holotype (BMNH R5764) which
see pages 371-372.) lacks most of the tail, and the referred skeleton

(families) in the jaws differs: I. atherfieldensis pos-
sesses approximately 23 maxillary tooth families
compared to 29 in full-sized I. bernissartensis; simi-
larly in the mandible there are 21 tooth families in
I. atherfieldensis compared to 25 in /. bernissar¬
tensis.

Maxillary and dentary teeth are illustrated in figures
21 and 22 for a direct comparison of teeth in the
two species.
The principal characteristics of the teeth are as fol-
lows. Dentary teeth (Fig. 21) have long tapering
roots which have shallow vertical grooves down
anterior and posterior edges to accomodate the
closely packed crowns of adjacent successional
teeth. The crown of the tooth is laterally compres-
sed and somewhat leaf-shaped in mcdial aspect with
a denticulate margin. The medial face of the crown
is thickly enamelled and traversed by a series of
ridges; the largest or most clearly defined is poste¬
rior to the middle of the crown and extends to the

posterior corner of the truncated tip of the crown.
Another, less clearly defined ridge extends up the
face of the crown anterior to the first but tends to

merge with the surface of the crown before reaching
the crown tip. Between these two ridges there is a
shallow vertical dépression. In addition to these
two main ridges, there may be a variable number
of subsidiary ridges which are extensions of the
bases of the marginal denticles. Just below the
widest part of the crown, the posterior denticulate
margin of the crown curls inwards to produce an
obliquely inclined cingulum.
Dentary teeth also tend to vary in shape depending
on their position within the dentition: those found
most anteriorly tend to be rather more lanceolate,
while those farther posteriorly tend to be somewhat
broader.
The maxillary teeth (Fig. 22) differ quite markedly
from those of the dentary. The roots are again long
and tapering in mature teeth and have similar lon¬
gitudinal grooves in them for successional crowns.
However the crowns are very different. By compa¬
rison to the dentary crowns, those of the maxilla
are very narrow. The thickly enamelled surface of
the crown is latéral rather than medial and has a

strongly denticulate margin. The latéral surface is
dominated by a very large ridge arising from the
base of the crown and extending to the apex poste¬
rior to the midline. The remainder of the crown

surface is relatively smooth apart from a few subsi¬
diary ridges of variable extent.

Fig. 17.-1. atherfieldensis. BMNH R5764 (Holotype).
Quadrate (right) in anterior (A), posterior (B),
medial (C) and latéral (D) views.
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Fig. 19.— I. atherfieldensis. Restoration of the lower jaw based on IRSNB 1551 and BMNH R5764. A, latéral view,
B, dorsal medial view, C, medial view.

Fig. 20.-I. atherfieldensis. IRSNB 1551. Left and right
hyoid bones in latéral and médiat views respecti¬
vely.
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Fig. 21.-I. cf. atherfieldensis. Illustrations of various dentary teeth. A, lingual view (BMNH 40100); B, lingual view
(R134); C, lingual view BMNH 40100, also D, mesial view, and E, labial view; F, G, lingial and labial views
of isolated crown (BMNH 40100); H, I, isolated worn tooth, with résorption facet on root in lingual and labial
views; J, K, lingual and labial views of terminally resorbed shed tooth. (For abbreviations see pages 371-372.)

Fig. 22. -I. cf. atherfieldensis. Maxillary teeth. A, B, latéral and lingual views of unworn crown (BMNH R134); C, D, E,
labial, lingual and distal views of tooth bearing maxilla (BMNH 40100); F, G, H, heavily worn maxillary tooth
with completely resorbed root (BMNH 40100). (For abbreviations see pages 371-372.)
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(IRSNB 1551) which is more complete but not so
well preserved.

cervical vertebrae

The Proatlas
Hooley (1925) briefly described and figured the
proatlas of I. atherfieldensis (BMNH R5764).
Unfortunately, this specimen is now missing front
the collections of the British Museum (Nat. Hist.).
The only remaining proatlases are the associated
left and right proatlas, preserved, in position, on a
single specimen of I. atherfieldensis (IRSNB 1551)
which was commented upon but not described at
all by Dollo. These have been restudied in an

attempt to understand better the structure and pro¬
bable function of these enigmatic bones.
Although both the specimens are imperfect, never-
theless most of their structure can be deduced. In
dorsal view (Fig. 23, 24) they are more or less
triangular, the apex of which is posterior; the latéral
edge is concave lengthways, rounded vertically and
ends abruptly at a sharp edge. Medial to this latéral
edge. the dorsal surface becomes flatter to meet
the sharp medial and anterior borders. The anterior
surface consists of an elongate undulating concave
facet, bounded by a raised edge; this facet is obli-
quely orientated, the long axis being inclined ven-
tromedially. The medial edge is acute and possesses
a broad, more or less triangular facet, which is
slightly concave, and ventro-medially directed.

Articular relationships.
The large ventromedially directed concave facet is
effectively the postzygapophysis of the proatlas,
and sits on the smooth convex anterior extremity
of each neural arch of the atlas (Fig. 23, 24); this
area is not clearly demarcated as a zygapophysis on
the atlas. The remaining obliquely inclined anterior
facets are puzzling, but were evidently shaped so
that they could articulate against the occiput of the
skull. To determine the relationships of these bones
with the occiput, they were correctly articulated on
the neural arches of the atlas and then with the

occiput of the skull in the specimen in question
(IRSNB 1551). It was found that the concave facet
on each proatlas fitted comfortably against the
posteroventral edge of the adjacent exoccipital.

Function.
Each proatlas probably formed a stiff linkage
between atlas and skull, above the occipital con-
dyle; if this was so, it would have helped to assist
the enormous tensile stresses exerted by the occi¬
pital musculature to keep the long skull in a hori¬
zontal position and helped to prevent dislocation
of the neck at the occipital condyle. It would seem
probable, therefore, that dorsoventral flexure of
the head (nodding movements) were achieved by
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Fig. 23.-1. atherfieldensis. IRSNB 1551. ProatlaslAtlas
complex. A, B, C - anterior, latéral and dorsal
views, as preserved.

flexure between the cervical vertebrae rather than

exclusively at the occipital condyle, since this joint
was greatly stiffened by the proatlases.

Atlas
The atlas consists of an intercentrum, an odontoid
and two neural arches (Fig. 23, 24). The intercen¬
trum is a subcrescentic bone which anteriorly has a
shallow, anterodorsally directed, concave dépres¬
sion for the occipital condyle; its ventral margin is
everted and rounded. Above and behind this

dépression there is a smooth dépression to receive
the ventral surface of the odontoid; on each side
of this dépression there are slightly rounded, rugose
shoulders for attachment of the neural arches.

Posteriorly, the surface is convex vertically and arti¬
culated against the axis and the axis intercentrum;
the ventrolateral corners of this surface possess
prominent concave dépressions for articulation of
the atlantal rib.
The odontoid is not preserved in either BMNFI
R5764 or IRSNB 1551, although it is preserved in
several specimens of I. bernissartensis (IRSNB
1535, 1536 - Norman, 1980). Typically it has the
form of a slightly dorsally flattened cylinder. The
posterior end is broadest and flattened where it
abuts against the axis; the sides taper slightly ante¬
riorly to an obliquely truncated anterior end, the
anterior surface of which articulated against the
posterodorsal surface of the occipital condyle and
ventrally with the atlas intercentrum.
The neural arches are fused neither to each other

Fig. 24. - Reconstruction of proatlaslatlas complex cf. I.
atherfieldensis.
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Fig. 25. -I. atherfieldensis. IRSNB 1551. Axis. A. Latéral
view as preserved, the centrum is badly crushed.
B. Restoration.

nor to the intercentrum. Ventrally, the pedicles of
each neural arch are expanded and rugose where
they articulate against the intercentrum; the ante-
rior end of this articular surface faces obliquely
forward and is concave and served as an additional
area of articulation with the occipital condyle (Fig.
24). Above their bases, the neural arches contract
and curve upwards and inwards, enclosing the neu¬
ral canal. Anteriorly, they develop into flattcned,
rounded processes (prezygapophyses) which sup¬
port each proatlas; posteriorly, the dorsal surface
of each arch is flat and overhangs the neural canal,
from the posterolateral corner of each there is deve-
loped an elongate, tapering transverse process, and
medial to this there is a distinct elongate notch in
the medial surface of each neural arch. This notch
served to accommodate the large anterior expan¬
sion of the neural spine of the axis; on the ventral
surface of each neural arch, just latéral to this

notch, there is a large postzygapophyseal facet.

Axis
Is missing in BMNH R5764 and the centrum is
badly crushed in IRSNB 1551 (Fig. 25). The cen¬
trum is elongate and strongly opisthocoelous; its
anterior surface was undoubtedly similar to that in
I. bemissartensis (Norman, 1980) - essentially flat
with a shallow crescent-shaped axis intercentrum
along its ventral edge. The centrum of the axis is
expanded at both ends and contracted about the
middlc; its ventral surface is rounded and not
keeled as in succeeding cervicals. The neural arch
is very well developed and dominated by a huge
expansion of the neural spine. The transverse pro¬
cess is reduced and arises from quite low down on
the side of the neural arch, between pre- and post-
zygapophyses, extending obliquely backwards to
form a small diapophysis. Anteriorly, the zygapo-
physes project forward, on either side of the huge
hook-like anterior extension of the neural spine.
These zygapophyseal facets are unusual in that they
face obliquely anterolaterally instead of antero-
dorsally, as in the remaining cervicals. The neural
spine curves upwards and backwards from its ante¬
rior end. At its highest point, just posterior to the
transverse process, it is abruptly notched and then
divides into two ventrolaterally directed postzyga-
pophyses which overhang the posterior end of the
centrum quite considerably.

Cervical vertebrae 3 - 11 (Fig. 26)
The centra of this entire series are strongly opistho-

Fig. 26. - I. atherfieldensis. IRSNB 1551. A. Articulated cervical vertébral series as preserved in latéral view. B. Dorsal view
of cervicals 5 and 6. C. Ventral view of cervicals 5 and 6.

A
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coelous and possess large, hemispherical anterior
articular surfaces. The latter are not entirely
convex, having a slightly flattened centre which
bears a small concave pit. In latéral view, these
anterior hemispherical surfaces can also be seen to
be distinctly upwardly directed; this is especially so
in the more posterior members of the series. Ven-
trally, the centra are transversely compressed with
a thick, rounded, rugose-surfaced keel; this is nar-
rowest anteriorly, just behind the margin of the
anterior articular bail, and widens posteriorly as it
gradually merges with the posterior margin of the
centrum. Above the keel, the latéral walls of the
centrum are concave and rise upwards to the middle
of the centrum, where they meet a horizontal ridge,
which, anteriorly, forms the parapophysis. Dorsal
to this ridge, the sides of the centrum are again
contracted before sweeping upwards into the base
of the neural arch. The neural arch is quite complex
in the cervical series. It forms a large smooth arch
over the neural canal and is anchored to the cen¬

trum by robust neurapophyses. From the outer sur¬
face of the arch, there are developed two paired
processes: the lower, more anteriorly placed trans-
verse processes, which support the large prezygapo-
physes on their anterodorsal surfaces and also, at
their distal ends, provide the diapophyses for the
articulation of the cervical rib heads. The large,
curved postzygapophyses arise from the midline
above and between the transverse processes and
diverge so they curve upwards and backwards to
their distal articular ends, where they are flattened
ventrally to form the zygapophyseal articular facets.
The parapophyses of the cervical series are quite
small horizontally elongate dépressions, situated
immediately behind the articular margin of the
anterior surface of the centrum, and about mid-way
up the side of the centrum. The neurocentral suture
lies above the parapophysis in all the cervicals
except for the llth, in which it skirts the dorsal
border of the parapophysis. The parapophysis of
this latter cervical is also larger and more rounded
than the preceding; this is probably an adaptation
to bear the thrust from a larger rib.

Fig. 27. -1. atherfieldensis. IRSNB 1551. A. Cervical 3 in
latéral view - rib crushed against centrum. B.
Cervical 11 in latéral view.

In the anterior région of the cervical series, the
centra are quite low, slightly dorsoventrally com¬
pressed, cylinders (Fig. 26, 27); however, progres-
sing along the series they gradually become broa-
der, and especially deeper, so that they become,
by stages, transformed into the deeper, laterally
compressed form of the succeeding dorsal series
(Fig. 29). Concomitant with these changes, there
are several others which herald transformation from
cervical to dorsal vertebra. The neural spine, so
prominent in the dorsal series (Fig. 29), is virtually
absent in the anterior cervicals (3-7), being repre-
sented by a small ridge at the médian junction
between the postzygapophyses (Fig. 27). In the
remaining members of the series (8-11), the neural
spine undergoes some development: at first it is
merely a slightly raised crest on the neural arch,
but by the last cervical it has become a prominent
hook-shaped structure, very similar and only slight¬
ly smaller than that of the first dorsal vertebrae.
The neural spines of several cervicals in IRSNB
1551 have been erroneously restored. In similar
fashion, the prezygapophyses undergo graduai
changes through the series. At first (cervicals 2, 3)
they form large forwardly directed processes, com-
prising almost the entire transverse process, over¬
hanging the convex anterior articular surface of the
centrum (Fig. 27 A). In more posterior members
of the series, the prezygapophyses become less pro¬
minent and cease to overhang the centrum ante¬
riorly, retreating backwards on to the dorsal surface
of the now laterally directed transverse processes,
and lie vertically above the parapophyseal facets
(Fig. 27 B). The transverse processes become in-
creasingly large posteriorly. In the second and third
cervicals, they are principally forwardly directed
oblique processes supporting the prezygapophyses,
with small postero-ventrally directed oblique diapo-
physeal processes. Subsequently, as the ribs be¬
come larger and the prezypapophyses retreat, the
transverse processes become considerably larger
and laterally directed. the diapophyses becoming
both larger and higher to support the larger poste¬
rior cervical ribs.
When naturally articulated (Fig. 26), the cervical
series describes a smooth sigmoid curve, as a resuit
of the shape of the articular surfaces of the centra,
and modifications to the neural arches. The anterior
portion of the series (esp. 3-5) is convex dorsally.
This is achieved in three ways: the centra are slight¬
ly shorter along their ventral edges than along the
dorsal; the large size and downward inclination of
the anterior articular hemispheres of these centra;
and by the anteroposterior elongation of the neural
arches, the pre- and postzygapophyses of which
overhang the centra considerably. Toward the
posterior end of the series, the curvature is reversed
(i.e. concave dorsally) and this is achieved by the
reverse of the above modifications: the antero-
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dorsally directed anterior articular hemispheres, the
much shorter anteroposterior length of the neural
arch and the posterior migration of the prezygapo-
physes.

cervical ribs

Atlantal rib
This was figured by Hooley (1925: 5, II) from
BMNH R5764 although it was not described and
has since been lost; that of IRSNB 1551 is also
missing.
Typically, the atlantal rib is a single-headed elon-
gate, laterally compressed rod the head of which is
slightly expanded and fits against a cup-shaped
dépression on the ventrolateral corner of the atlas
intercentrum (Norman, 1980, for I. bernissarten-
sis).

Cervical ribs 2-11

Only a few fragmentary remains of the cervical ribs
are preserved in both specimens of I. atherfieldensis
(Fig. 28). These few remnants display the same
général characters seen in I. bernissartensis. The
anterior ribs are short bodied with widely divergent
rib heads, while more posterior ones develop a

Fig. 28.-1. atherfieldensis. IRSNB 1551. Fragmentary
remains of cervical ribs, as preserved.

5cm

longer, ventrally curved shaft and large, but less
divergent rib heads.

dorsal vertebrae

There are seventeen dorsal vertebrae. Sixteen of
these are freely articulating; the last however is
functionally a part of the sacrum, even though it
possesses a normal dorsal rib, it is therefore des¬
cribed with the sacrum.

The first two dorsal vertebrae are transitional in
that they demonstrate a graduai loss of the cervical
vertébral characters. The first dorsal is recognized
as the first pre-sacral vertebra to bear a parapo-
physes above the neurocentral suture (Figs. 29, 30).
The centrum is quite strongly opisthocoelous, al¬
though this is not as marked as in the cervical series;
the anterior articular surface of the centrum is also

moderately convex. The ventral half of the centrum
is quite strongly compressed, producing a modera¬
tely large rounded ventral keel above which the
latéral surface is depressed. The parapophysis is a
quite large and circular dépression at the base of
the neural arch. The neurapophyses are quite short
anteroposteriorly and rather broad transversely,
due to the buttressing for the parapophysis and
transverse process. The transverse process is large
and arches upward and outward, ending abruptly
at the blunt, rounded diapophysis; the prezygapo-
physes are borne far out on the dorsal surface of
each transverse process at some distance from the
midline. The neural spine arises from the antero-
median roof of the neural arch, between the bases
of the transverse processes, and arches upward and
backward ending in a slightly hooked apex; it des¬
cends in a concave curve from the summit and
divides near its base to follow the dorsal margin of
the large, divergent postzygapophyses.
The centrum of the second dorsal vertebra is only
slight opisthocoelous and anterioiiy has a very
feebly convex articular surface. lts ventral surface
is less strongly compressed laterally than that of the
first dorsal, and there is merely a slight médian
rounded ridge; the sides of the centrum are less
depressed; the parapophysis is larger and forms an
elliptical dépression (Fig. 29). The neural arch is
more or less similar to that of the first, but the
neural spine is larger and less hook-shaped, the
prezygapophyses are almost adjacent and the post¬
zygapophyses are similarly smaller and closer
together.
By the third or fourth dorsal, the transition from
typical cervical to dorsal vertébral form is complete.
The centrum is now amphipatyan with a slight
médian ventral ridge joining the anterior and poste¬
rior articular margins; these latter form a slightly
everted, rugose rim (Figs. 29, 30). The latéral sur¬
face of the centrum is concave longitudinally,
convex vertically and merges above with the robust
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Fig.29.-I. atherfieldensis. IRSNB 1551. Dorsal vertébral series 1-8, as preservecl. Reconstruction of articulated series
based on above ancl BMNH R5764.

neurapophyses. The parapophyses are large subcir-
cular dépressions on the anterolateral surface of
the neurapophyses. Immediately anterior and
medial to these are the forwardly projecting prezy-
gapophyses, which overhang the anterior margin of
the centrum. Between the adjacent dorsomedially
facing prezygapophyses there is a narrow cleft
ending posteriorly as the roof of the neural canal,
which immediately gives rise to the leading edge of
the neural spine. The spine rises steeply and has a
sharp anterior edge, ending in a thickened, blunt,
dorsal edge; the posterior edge is thicker than the
anterior and, as it descends, it divides to buttress
the postzygapophyses, between which is a concave
recess. The neural spine is typically slightly inclined
posteriorly, roughly rectangular and between three
and four times the height of the vertebral centrum.
The moderately small postzygapophyses face ven-
trolaterally and also overhang the posterior margin
of the centrum. From the anterolateral edge of the
postzygapophysis there is a thin shelf of bone which

Fig. 30. - I. atherfieldensis. IRSNB 1551. lst Dorsal ver-

tebra in latéral view.
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curves forward and outward to the distal end of the
transverse process. The latter is elongate rising obli-
quely from the side of the neural arch; in cross-
section it is more or less triangular, with a flat or
slightly convex dorsal surface, and a medial ventral
buttressing ridge developed from the ventral poste-
rior margin of the neurapophysis; this separates
two slightly concave recesses. The anteroventrally
directed recess on the transverse process usually
bears some evidence of ligaments scars where addi-
tional support was given to the neck of the rib. The
neural canal is small and circular and entirely en-
closed by the neurapophyses, which are fused
medially, above the neurocentral suture.
This description applies to the majority of the dor¬
sal series (3 - 11). The more posterior members (12

-16) are however sufficiently different to merit a
short description.
The posterior dorsals (Figs. 31, 32) are more ante-
roposteriorly compressed than are the more ante-
rior dorsals, and they possess more strongly everted
articular margins. The centra are slightly opistho-
coelous, while the anterior surfaces of the centra
are roughly flat with convex edges. Ventrally, the
walls of the centra are laterally compressed forming
a sharp ridge and, above this, the latéral walls are
very strongly expanded; this can be more readily
appreciated by comparing ventral views of middle
and posterior dorsal centra (Fig. 31). Whereas the
articular surfaces of the middle dorsals are laterally
compressed and subovate, those of the posterior
dorsals are very broad, subcircular and slightly

Fig. 31. — I. atherfieldensis. IRSNB 1551. Posterior dorsal vertebrae 9-16, as preserved. Reconstruction of articulated series
of dorsals based on above and BMNH R5764.
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outward horizontally and forwards; the zygapophy-
ses are large and horizontal. It should be noted that
the pronounced forward curvature of the nenral
arches of the posterior dorsals of I. atherfieldensis
(BMNH R5764) is in no way the distinctive character
which HOOLEY (1925) supposed it to be: it is found
in ail individuals of this species and 1. bernisartensis.
There are several characters, apart from those
already mentioned, which show progressive change
throughout the dorsal series. The parapophysis is
moderately large, subcircular and situated on the
anteroventral margin of the neurapophysis in the
first dorsal; in succeeding dorsals the parapophysis
becomes larger, vertically ovoid and rises up the side
of the neurapophysis, coming to lie directly behind
the anterior zygapophysis and beneath the leading
edge at the base of the transverse process in dorsal 7.
Subsequently, the facet becomes rounded and
decreases in size, becoming horizontally oval and
migrâtes downwards along the transverse process
toward the diapophysis. In the last free dorsal (16),
the parapophysis forms a step on the anterior edge of
the transverse process, separated by a short distance
from the diapophysis. In dorsal vertebra 17, the last
functionally incorporated in the sacrum, but which
still possesses a free dorsal rib, the parapophysis and
diapophysis are united as a single facet (Figs. 33,34).
The diapophyses of the dorsal series are high ante-
riorly, being supported on the oblique transverse
processes which are steeply angled (50° to the ver¬
tical), long and robust. Progressing backward along
the series, the transverse processes become lower
and become directed obliquely posteriorly. At
about the position of the 9th dorsal, the transverse
process becomes more slender, is almost horizontal

Fig. 32.-I. atherfieldensis. IRSNB 1551. Isolated poste¬
rior dorsal vertebra, partly restored.

dorsoventrally compressed. In latéral view, they also
show tne unusual feature of being slightly posteriorly
inclined so that, when naturally articulated, they
slope upwards and backwards to the sacrum. The
neural arches of the posterior dorsals are low and
very robust, and the transverse processes curve

Fig. 33. - I. atherfieldensis. BMNH R5764 (Holotype). Anterior dorsal rib series.
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and perpendicular to the long axis of the vertebral
column. The diapophysis therefore gradually des¬
cends along the dorsal series to lie at the same level
as the parapophysis. Toward the hind end of the
series, the transverse processes lie horizontally, are
slightly anteriorly recurved and are relatively thin,
dorsoventrally compressed structures. The diapo¬
physis becomes a rather poorly defined area on the
distal end of each, which is overlapped by the flap-
like tuberculum of each rib (Fig. 34).

DORSAL RIBS

There are seventeen dorsal ribs, of which sixteen
are two-headed, only the last being single-headed
(Figs. 33, 34). The first dorsal rib is similar to those
of the last cervicals. lts capitulum is small, rounded
and convex and is supported on a long slender,
curved capitular process; the tuberculum is quite
large, concave and is supported on a short process
on the dorsal surface on the capitular process,
which merges with the latter to form the shaft of
the rib. The shaft is moderately long and curved. In
cross-section it is convex externally and concave
internally; the distal end is rounded and compres¬
sed. The second rib is larger than the first; the
capitular condyle is large, vertically oval and is sup¬
ported by a thick laterally compressed process.
Along the dorsal edge of this process, the tuber¬
culum is perched on a short process and has a dor-
somedially directed concave facet. Beyond this
région, the shaft curves sharply downward so that
the area around the tuberculum forms a distinct
shoulder. From the anterodorsal edge of the tuber¬
culum there is developed a prominent rounded
ridge which curves down the anterior edge of the
rib shaft and forms the rounded leading edge father
distally, a permanent feature in the anterior and

lOcm

Fig. 35.-I. atherfieldensis. BMNH R5764 (Holotype).
Sacrum, as preserved, in ventral view. Stipple =
matrix, crosshatching = broken surface.

middle dorsal series of ribs. The distal end of the
shaft tapers to a flattened rounded point.
In the succeeding series of ribs (3 - 10) the essential
characters are very similar to those of the second
(Fig. 33). The main trends through this series are:
an increase in the length of the rib shaft, reaching
a maximum at position 6 or 7 and gradually declin-
ing posteriorly and the development of a blunt
distal end to these ribs where they presumably
articulated against the cartilaginous sternal ribs.
Between the two rib heads the posterodorsal edge
of the capitular process is heavily scarred by liga¬
ments which helped to bind the ribs firmly against
the transverse processes.
In the more posterior members of the dorsal rib
series, the rib shaft becomes progressively shorter
and more slender and the distinctive shoulder is
lost (Figs. 33, 34). The capitulum becomes progres¬
sively smaller and the tuberculum becomes flap-like

Fig. 34.-I. atherfieldensis. BMNH R5764 (Holotype). Posterior dorsal rib series. Stipple = matrix.
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lOcm



306 DAVID B. NORMAN

Fig. 36.-I. atherfieldensis. IRSNB 1551. Latéral views of sacrum and pelvis, as preserved.
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and overlaps the distal end of the transverse proces¬
ses. In the most posterior members, the proximal
heads of these ribs are 'stepped' as the tubercular
and capitular facets are separated by only a short
interval. This 'step' gradually diminishes until the
last dorsal rib, which has a bluntly truncated proxi¬
mal end, where both rib heads are confluent.

SACRUM

There are two complete and moderately well pre-
served sacra BMNH R5764 (Fig. 35) and IRSNB
1551 (Fig. 36), and some rather better preserved
but unfortunately fragmentary specimens: BMNH
R6620, "llf', R6498 (Fig. 37). The sacrum consists
of seven co-ossified vertebrae (Fig. 35). However,
the ribs of the first vertebra are thin and style-like
and do not contact the ilium (Fig. 34); the remain-
ing six pairs of sacral ribs belong to vertebrae 2 -
7. The first sacral is therefore technically a dorsal
vertebra although it is functionally a part of the
sacrum, since it is sutured against the first true
sacral and supports the base of the first sacral rib.
The sacrodorsal has a broad, subcircular, slightly
convex anterior face, slightly indented dorsally for
the neural canal. The articular margins are, as with
the preceding posterior dorsals, everted and rugose.
Behind the articular face, the centrum is strongly
contracted before becoming once more broadly
expanded posteriorly, where it is sutured to the
first, true sacral vertebrae; this posterior surface is
subquadrangular owing to a ventrolateral expansion
of the sides where they support the anterior margin
of the first sacral rib. Dorsally, the neural arch.

which is supported upon short and robust neurapo-
physes, is curved forwards away from the sacrum,
as are the transverse processes and the large prezy-
gapophyses. The postzygapophyses appear to be
fused to the succeeding prezygapophyses.
The centrum of the first true sacral is very broadly
expanded anteriorly and posteriorly and strongly
contracted between, with a slight médian ventral
keel (Figs. 35, 37). The latéral walls, which are
vertical, are deeply concave anteroposteriorly
between the first and second sacral ribs (Fig. 37).
The neural arch has shifted forward so that it lies
across the hind end of the first sacral, thereby
strengthening the suture between these two verte¬
brae. This repositioning of the neural arch occurs
throughout the remaining sacrais and forces the
latéral spinal nerves to exit across the dorsal sur¬
faces of the centra between successive neural

arches, rather than via the usual intervertébral
spaces, as is usual for the presacral and caudal ver¬
tebra. Laterally, the neural arch is completely co-
ossified to its sacral rib.
In succeeding sacral vertebrae, the centra become
at first slender and keeled, but subsequently (4 - 6)
become again broader and develop a flattened or
slichtly depressed haemal surface (Fig. 35). The
last sacral is the largest of the posterior members
and has a very strongly everted, rugose articular
margin; the articular face of the centrum is planar
but tends to become slightly concave in its dorsal
half. In latéral view, the sacral series describe a

smooth scalloped arch; the neural spines are tall
and co-ossified (fig. 36).
Each sacral rib is borne at the junction between

Fig. 37.-I. cf. atherfieldensis. BMNH R6620, (A) ventral, (B) left latéral; R6498 (C) ventral, (B) left latéral; "llf' (E)
latéral, (F) ventral. Incomplete sacral series ("llf' in Hooley catalogue BMNH).
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two sacral centra. The base of each rib is firmly
sutured to the ventral surface of the transverse pro-
cess and to the latéral surface of the neural arch.
The transverse processes of the first four sacral
vertebrae are large and possess robust, rounded
distal ends which articulate against small apophyses
on the medial surface of the ilium (Fig. 54). Imme-
diately beneath these, the latéral edges of the sacral
ribs are thin, but expand rapidly ventrally so that
the ventral edge of succeeding ribs meet and fuse
together to form a massive horizontal bar; this is
firmly attached to the ventromedial surface of each
ilium (Fig. 54). The last two sacral vertebrae (5 and
6) are slightly different from their predecessors in
that their transverse processes and sacral ribs are
compressed together, forming a narrow posterior
end to the sacral rib bar. This is reflected on the
internai surface of the ilium, where the last two
sacral rib facets are confluent and indistinct (Fig.
54). It should also be mentioned that the very large
ventral expansion of the first sacral rib not only
supports the pubic peduncle of the ilium medially,
but also provides an area for attachment of the
pubis.

CAUDAL VERTEBRAE

The caudal vertebrae are very incomplete in the
holotype. Flowever, the referred specimen (IRSNB
1551) has an almost complete tail (33 vertebrae

Fig. 38.-I. atherfieldensis. IRSNB 1551. First caudal
vertebra in latéral (A) and anterior (B) views.

10cm

preserved) which shows the main features of this
series (Fig. 42). The first caudal vertebra (Fig. 38)
is typically large, subquadrangular and rather obli-
quely inclined forwards. The articular surfaces of
the centrum are broad and approximately amphi-
platyan, although the anterior surface bears a slight
bulge in its dorsal half, which articulâtes against an
adjacent recess in the corresponding posterior sur¬
face of the last sacral vertebra. The ventral surface
of his vertebra is flattened or slightly rounded, and
the sides are vertical, sweeping outwards dorsally
into the base of the fused caudal rib. The caudal
rib curves outwards horizontally from the dorso-
lateral surface of the centrum as a dorsoventrally
flattened process, with a bluntly rounded distal end.
Above the caudal rib, the neural arch is low and
robust; the prezygapophyses project obliquely for¬
wards and upwards, and between them, the large,
narrow, neural spine rises upwards and backwards,
to a blunt thickened dorsal edge. Curving down-
ward and forward from the dorsal edge, the poste¬
rior edge of the neural spine bears, near its base,
the postzygapophyses which face obliquely ventro-
laterally. The posteroventral margin of the articular
surface of this vertebra does not bear a chevron
(haemal arch) and consequently does not bear an
everted haemapophysis.
The second caudal vertebra (Fig. 39) is slightly less
broad than its predecessor, its articular surface
having a slightly more rectangular appearance in
anterior view. Its ventral surface is slightly nar-
rower, and is more convex transversely. In latéral
view, the centrum is forwardly inclined, as in the
first of this series. This trend continues over the
next few anterior caudals and produces a distinct
slope to the base of the tail, as it drops away from
the sacrum — a similar slope was also noted in the
most posterior members of the dorsal series. The
latéral sides of the centrum are flat or slightly
convex vertically, and slightly concave anteroposte-
riorly, between the everted anterior and posterior
articular margins. The remaining characters of the
caudal rib, neural arch and neural spine are essen-
tially similar to the first caudal. The posteroventral
margin of this centrum bears the first haemapo¬
physis for the anterior half of the head of the che¬
vron bone (haemal arch). This facet has the form
of a moderately deep excavation in the ventral
margin of the centrum around which there is a
thickened everted lip of bone.
In the succeeding anterior caudal vertebrae (3 -

15), the vertebrae are more or less similar (Fig.
40). They are quite strongly laterally compressed,
with flattened sides and strongly convex ventral sur¬
faces. The articular surfaces are amphiplatyan, and
roughly rectangular in end view. On the ventral
margins of both the articular surfaces there are
large concave haemapophyses; the posterior of
these is always larger with slightly more promi-
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Fig. 39.-I. atherfieldensis. IRSNB 1551. Series of anterior caudal vertebrae.

Fig. 40.-I. atherfieldensis. IRSNB 1551. Series of middle caudal vertebrae.
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nently everted edges (Fig. 39). The caudal ribs are
prominent dorsoventrally flattened processes; they
are largest at the anterior end of the series and
become progressively shorter distally. The surfaces
of these ribs are quite noticeably striated in ail
individuals and these markings probably represent
the areas for origin of parts of the caudi-femoral
musculature. Toward the end of this series, the
vertebrae become smaller in ail their dimensions.
The most noticeable changes in structure are a
decrease in size of the caudal ribs and the decrease
in height of the neural spines. Between the 15th
and 16th caudal vertebrae, the caudal rib déclinés
from a short process, to a rudimentary nubbin and
is eventually lost altogether. This transition (Fig.
40) marks the change from the anterior caudal to
the middle caudal series.
The middle caudal series of vertebrae are a long
series which gradually diminish in size toward the
distal end of the tail and extend from caudal 16 into
the late thirties, (by comparison with I. bernissar-
tensis) the last of this series being the last vertebra
to bear a chevron bone. In the anterior part of this
series, the centra are moderately tall, hexagonal
cylinders (Fig. 40) with ampliplatyan faces. In place
of the caudal ribs of the anterior series, there
remains a horizontal ridge across the middle of the
centrum; this produces a very angular appearance
to the centrum which becomes more pronounced
posteriorly along the series. Between the haemapo-
physes, the ventral surface is flat. The neural arch
is low and narrow and carries the tall backwardly
inclined neural spine; the prezygapophyses are pro¬

minent and oblique and clamp around the postzyga-
pophyses which are perched against the postero-
lateral sides of the neural spine. Progressing along
the neural spines become smaller and more steeply
inclined, and the chevrons become smaller while
their proximal ends tend to become divided into
separate heads. Toward the end of the series the
neural spine reduces to a short, backwardly directed
spine supporting the postzygapophyses. The re-
mainder of the tail (34 - ?45) is not preserved in
any specimen.

CHEVRON BONES (haemal arches)

The first chevron is found to articulate between
caudals 2 and 3, and is well preserved in IRSNB
1551 (Fig. 38). lts proximal end is expanded and
bears a médian transverse ridge, which separates
the oblique anterior and posterior facets which
articulate against the caudal haemapophyses.
Below the proximal head, there is a large haemal
canal, bounded on either side by the haemal arches.
Ventrally, the haemal arches coalesce to form a
transversely compressed haemal spine, which tapers
to a point and is slightly curved backwards. The
following six or seven chevrons are the largest
in the tail and differ only slightly from the first;
proximally they have the same form, but the distal
haemal spine is larger and less style-like having
a more blade-like form. Progressing farther back
along the caudal series, the chevrons steadily be¬
come smaller, forming a mirror image of the neural
spines.

Fig. 41.- I. atherfieldensis. IRSNB 1551. Middle and posterior caudal vertebrae.

lOcm
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Fig. 42.-I. atherfieldensis. IRSNB 1551. Complete candal series and ossified tendons, as preserved.

OSSIFIED TENDONS

These are quite well preserved in BMNH R5764,
but they are rather scattered, as preserved, and do
not show their original distribution. However, the
Bernissart specimen possesses rather less disturbed
lattices of ossified tendons (IRSNB 1551) (Figs. 29,
31, 36, 39-42).
Ossified tendons are to be found throughout most
of the length of the vertebral column, from about
cervical 10 to about caudal 20. They are scattered
more or less regularly on either side of the neural
spines, and the transverse processes of dorsals,
sacral ribs as described in I. bernissartensis (NOR¬
MAN, 1980).
One peculiarity of I. atherfieldensis is that the ossi¬
fied tendons are fused to the sacral neural spines
(Fig. 36). I am not aware of this phenomenon in
other ornithopods disnosaurs.

Appendicular skeleton

PECTORAL GIRDLE

In I. atherfieldensis the scapula is moderately slen-
der and bowed, so that it follows the contour of
the rib cage (Fig. 43). The proximal end of the
blade is thick and expanded. The anterior edge of
this end curves forwards to produce a rugose trian-
gular boss, which has been termed the "clavicle
facet" in other ornithischians. A thick buttressing
ridge curves backwards across the latéral surface
from this facet, before curving upwards (distally)
along the external surface of the blade, with which
it rapidly merges. Beneath the "clavicle facet" the
anterior edge of the scapula is thin and slightly
curved, but soon meets the broad, thickened rugose
suturai surface for the coracoid. On the medial edge
of this suture there is a shallow channel which forms
a portion of the internai passage for the coracoid
foramen (Fig. 43). Posteriorly, this suture ends
abruptly at a transverse ridge beyond which there
is a smooth concave embayment, the glenoid. On
the external surface, adjacent to the glenoid, there

is a shallow dépression, and above and behind this
a prominent buttress develops which supports the
posterodorsal margin of the genoid. In posterior
view the glenoid is a crescent-shaped dépression,
rather than a cup-shaped socket. Above the gle¬
noid, the thick buttress contracts rapidly into the
shaft, the posterior edge of which is thick proxi-
mally, becoming thinner and sharper towards the
distal end, which is transversely flattened and ante-
roposteriorly expanded. This distal portion of the

Fig. 43.-I. atherfieldensis. IRSNB 1551. Scapula in
latéral (A) and medial (B) views.
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shaft is slightly convex in external view and its
dorsal edge is heavily scarred as if for attachment
of a short cartilaginous suprascapula. The anterior
edge is sharp near the distal end, but becomes
thicker and rounded as it approaches the proximal
end. The narrowest part of the blade of the scapula,
just above the proximal end, is roughly elliptical in
cross-section, the external surface being more
convex than the internai; the section becomes gra-
dually more compressed and convexoconcave dis-
tally.
The coracoid is sutured to the scapula along its
thick dorsal edge (Fig. 44). Posteriorly, the scapular
suture abruptly ends and is replaced by a smooth,
broad, concave dépression which, with the adjacent
dépression on the scapula, forms the entire humerai
glenoid. Beneath the thickened margin of the gle-
noid, the posterior edge of the coracoid is excavated
to produce a hook-shaped structure. Medial and
anterior to the rounded posterior end there is a
rugose rounded slightly convex edge which formed
an area of attachment to the sternal cartilage. The
external surface of the coracoid is roughly convex
and bears a moderately well developed diagonal
ridge; it is also pierced by the coracoid foramen
just below the junction between scapular suture
and glenoid, which passes obliquely upward to
emerge on the medial surface between the scapula
and coracoid. Internally, the coracoid in concave.
There is a pair of sternal bones (Fig. 45). Each
sternal is a moderately broad hatched-shaped bone.
The external surface of the "blade" is flat and
its medial edge is thin, straight and rugose. Ante-
riorly, this edge becomes thicker and rather bluntly
rounded. The latéral edge describes a shallow
concave curve and is thick and rounded; it produces

Fig. 44.-I. atherfieldensis. IRSNB 1551. Coracoid in
latéral (A) and medial (B) views. (Superscripts
indicate left or right).

Fig. 45.-I. atherfieldensis. IRSNB 1551. Sternal bones,
left and right in ventral view.

Fig. 46.-I. atherfieldensis. IRSNB 1551. Right sternal
bone in ventral view (A) compared with the right
sternal bone of I. bernissartensis IRSNB 1536
(B).
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Fig. 47. -I. atherfieldensis. IRSNB 1551. Humérus in
posterior (A) and anterior (B) views.

a postero-laterally directed rod with rounded and
slightly angular sides. The distal end of this rod is
slightly expanded and rugose and may have formed
the area of attachment for some of the presumably
cartilaginous sternal ribs. The internai surface of
the sternal bone is very slightly concave.
The sternal bones are slightly separated along the
midline by a strip of sternal cartilage which pro-
bably broadens anteriorly to link with the cora-
coids.
The sternal bone of I. bernissartensis is very similar
although considerably larger than that of the former
species (Fig. 46). They have been preserved in situ

Fig. 48. -I. atherfieldensis. IRSNB 1551. Radius and
ulna (left) in latéral view. Capsals preserved par-
tially.

lOcm

in several Bernissart specimens which accounts for
our knowledge of the position of these bones (NOR¬
MAN, 1980). No intersternal ossification is known
in I. atherfieldensis.

FORELIMB

The humérus in I. atherfieldensis (Fig. 47) is not
twisted axially but there is a strong sigmoid curva-
ture to the shaft. The proximal end is broad and
anteroposteriorly flattened, producing a shallow
concave anterior surface and convex posterior sur¬
face. In the centre of the proximal end is an ex¬
panded articular condyle, the head of the humérus,
which is supported by a buttress on the posterior
(dorsal) surface and by two narrower shoulders on
either side. From the medial shoulder, the shaft
curves concavely outward and downward to the
distal ulnar condyle. From the latéral shoulder, the
shaft drops almost vertically for a short distance
before swelling outwards and developing a thicken-
ed rugose edge, the deltopectoral crest. Just above
the middle of the shaft, this edge contracts and
the shaft tapers slightly before expanding into the
distal, radial condyle. The radial and ulnar condyles
are separated by a shallow intercondylar groove,
which is moderately deep posteriorly, but smaller
and shallower anteriorly. The radial condyle is
rather shallow and poorly developed anteriorly in
comparison to the ulnar condyle (cf. BMNH R5764)
which bulges outwards. Immediately above the
radial condyle, the surface of the shaft is shallow
and depressed and receives the proximal head of
the radius, when the forearm is fully adducted.
The ulna (Figs. 48, 49) is poorly preserved in
IRSNB 1551. It possesses a large and prominent
olecranon process, which is blunt and rounded
posteriorly. Ventrally, the surface is transversely
rounded and this edge describes a slight sigmoid
curvature longitudinally toward the expanded distal
end. Dorsally, the surface is more complex (Fig.
49). The mediodorsal edge is developed into a pro¬
minent triangular crest, the medial surface of which
is vertical and slightly concave. Laterally, this crest
bears a broad transverse shelf formed by the main
body of the ulna and this bears a shallow concave
dépression with low striations. This facet receives
the proximal head of the humérus, and the surface
striations probably reflect the presence of a liga-
mentous attachment between these two bones. Far-
ther anteriorly, the crest gradually merges with the
shaft producing a very slight but discernible, ridge
which runs obliquely across the dorsal surface of
the shaft to the distal end, and there forms the
medial edge of the distal radial facet (Fig. 49).
Anterior to the proximal radial facet, the dorsal
shelf at first quite broad, gradually diminishes as
the shaft tapers towards the distal end.
The distal end of the ulna is laterally compressed
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Fig. 49.
I. atherfieldensis. BMNH R5764

(Holotype). Right radius and ulna.
(A) médiat view, (B) latéral view,
(C) ulna in dorsal view, (D) radius
in ventral aspect.

C

and moderately deep. The latéral surface is slightly
convex, while the medial surface is slightly concave.
On the dorsal margin of the medial surface there
is a shallow longitudinal dépression which reçoives
the distal end of the radius. The distal surface arti¬
culâtes with the carpus and is moderately smooth
and convex; on the ventro-medial surface there is
a small convex facet (Fig. 49) which is overlapped
by a posterior flange of distal carpal V.
The radius is a long, slender cylindrical bone ex-
panded at both ends (Figs. 48, 49). The articular
surface of the proximal end is very slightly concave,
oval in outline and set at a slight angle to the shaft
(Fig. 49). lts ventral surface is rounded transversely
and adapted to articulate against the corresponding
surface on the ulna. From the proximal end, the
shaft tapers slightly and in cross-section is sub-
circular, with a flat ventral surface. The radius
is slightly bowed dorsally along its length, and

becomes transversely compressed toward the distal
end. The distal articular surface is rough but mode¬
rately convex. The ventrolateral surface of this end
bears a shallow flattened area which articulated
against the ulna.
The carpals were first described by Hooley (1925)
using both of the well preserved carpalia of the
holotype. In I. atherfieldensis the carpalia appear
to have been partly co-ossified as they are in /.
bernissartensis, but there is no evidence of the strap-
like ossified ligaments seen in the latter species.
The carpus of I. atherfieldensis is very similar to
that described in I. bernissartensis (norman, 1980)
in all of its characteristics. As a conséquence only
a very général description is given here.
The proximal carpals (radiale, intermedium and
ulnare) can be identified in I. atherfieldensis (Fig.
50). The radiale is a large, block-like element on
the dorsal half of the carpus, forming much of the
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facet for the radius and is fused to metacarpal I.
There appears to be the outline of a small perfo-
rating foramen between the radiale and metacarpal
I in proximal view. The distal surface of the radiale
is excavated to receive the 2nd metacarpal. The
intermedium is a large irregular bone on the latéral
surface of the carpus, projecting proximal to wedge
between the radius and ulna. Laterally this bone is
sutured to carpal III and forms part of the articu-
lating surface for metacarpal III. The ulnare
appears to be a small flattened element sutured to
carpals IV and V and forming part of the facet for
the ulna.
The distal carpals are less clear in this species than
in I. bernissartensis. Carpal I is not visible and has
probably fused to metacarpal I. Carpal II is simi-
larly not visible and was probably cartilaginous
perhaps forming the margins of the socket for meta¬
carpal II by analogy with I. bernissartensis. Carpal
III seems to lie medial to the intermedium on the
distal surface of the wrist. Carpal IV probably forms
the medial part of the articular facet for metacarpal
IV, and carpal V is a round nubbin of bone forming
an oblique articular surface on the distal and latéral
edge of the carpus.
Metacarpal I is a very short, broad, block-like bone
which has become functionally incorporated into
the carpus and is probably fused with carpal I and
sutured firmly against the radiale (Fig. 50). For
descriptive purposes the manus will be described as
though held horizontally, with the palm facing
downward.

Fig. 50. -I. atherfieldensis. BMNH R5764 (Holotype). A,
Forearm and manus; D, carpus in latéral and E,
medial views; B, C, carpus ofl. bernissartensis.
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The distal articular surface of metacarpal I is strong-
ly convex convex dorsoventrally, very elongate
horizontally and faces obliquely anteromedially.
Beneath the articular surface, the anterior and
posterior sides are slightly concave as they splay
outwards over the surface of the carpus. The dorsal
surface is very broad and bears a slightly everted
edge forming a shoulder on the anterior surface,
which clearly marks its junction with the radiale.
Ventrally, the side of this metacarpal forms a broad
shelf which curves smootly into the carpals beneath.
The anterior (distal) surface is concave and forms
the anterodorsal margin of the articular recess for
metacarpal II. Proximally, the first metacarpal,
along with carpal I, forms a lip which overlaps the
distal end of the radius.

Metacarpal II is moderately well preserved in
IRSNB f551 (Fig. 51). In this form, this metapodial
has a much more conventional structure than the
first. It is a long, slender, somewhat transversely
compressed rod, the proximal and distal ends of
which are mildly expanded articular surfaces. The
proximal end is slightly convex and articulâtes
against a shallow dépression on the carpus between
the radiale and (?) carpal II. The medial surface of
the shaft is smootly rounded, but laterally the sur¬
face is flattened and rugose where it was ligamen-
tously bound to metacarpal III. The distal end of
the shaft is tranversely compressed and bears a nar-
row convex articular surface (Figs. 5f, 52).
Metacarpal III is the longest of the metapodials.
The proximal and distal ends are expanded articular
condyles, while the shaft between is moderately
slender and subquadrangular in cross-section (Figs.
51, 52). The proximal articular end is rectangular
and feebly convex, articulating against a shallow
dépression shared by carpals III and IV. Both the
medial and latéral sides of the shaft are puckered
for ligamentous attachment of metacarpals II and
IV. The distal end has a well developed articular
surface with a shallow intercondylar groove.
Metacarpal IV is only slightly shorter than meta¬
carpal III. The proximal end is broad, quadrangular
and slightly convex and articulâtes against carpals
IV and V. Distally, the shaft is contracted and
tapers toward its distal end. The medial surface,
which lies against metacarpal III is raised and very
rugose over much of its length, but this déclinés
distally where the surface becomes smooth and
slightly concave. The latéral surface, by compari-
son, is smooth and rounded and bears no ligaments
scars. This distal articular surface is transversely
compressed and slightly expanded anteroposte-
riorly into a narrow convex condyle.
In /. atherfieldensis metacarpal V is considerably
shorter than metacarpal IV, and is quite robust.
The proximal and distal ends are expanded, and
between them the shaft is strongly contracted and
slightly twisted along its length. The proximal end

has an irregular more or less flat surface, slightly
depressed at its centre, which is subcircular in out-
line, the ventral edge of which is flattened. The
distal end is expanded with a broad, convex articu¬
lar surface. From the characters it can be appre-
ciated that these surfaces articulated rather loosely
with the adjacent carpal V and also with its proxi¬
mal phalanx.

the digits

Digit I was thought to have just a single phalanx
in Iguanodon (Hooley, 1925; Romer, 1956), in
fact there were two in I. bernissartensis. This first
or proximal phalanx is a thin oval dise which has
an elongate ventral goove which caps the distal
surface of metacarpal I. This phalanx was not pre¬
served with either skeleton of I. atherfieldensis, this
indicates either absence, non-ossification, or fusion
to the ungual phalanx.
The ungual phalanx (Figs. 51, 52) is one of the most
characteristic bones of the entire skeleton. It is a

moderate sized slightly asymmetrie conical struc¬
ture; the broad base is depressed and its margin is
rugose and everted for the attachment of ligaments
and the tendons which controlled its movement.

From its base, the sides of this bone contract and
are slightly convex as they converge on the pointed
apex. On the latéral edges of the anterior (dorsal)
surface there are two narrow, moderately deep
grooves, which represent the areas for the origin
and growth of the homy ungual claw. This latter
was in ail probability an elongate and pointed struc¬
ture, unlike the more hoof-like flattened ungual
claws of digits II and III.
As a resuit of the fusion of metacarpal I to the
carpus, this digit is set at an oblique angle to the
main axis of the manus, directed anteromedially.
When articulated, digit I is free to move in an
oblique plane, and, when flexed, describes an arc

transversely across the dorsal edge of the manus.
Digit II is composed of three phalanges (Figs. 50,
51). The proximal phalanx is a rather slender,
slightly skewed bone, its proximal end is dorso¬
ventrally expanded, roughly rectangular in end view
and slightly concave, but more or less flat trans¬
versely. Proceeding along the shaft, the sides are
flattened and in cross-section give a rhomboidal
outline; the dorsolateral edge (adjacent to digit III)
overhangs the ventrolateral edge quite markedly.
Toward its middle, the shaft is contracted, but
expands again toward the distal (articular) end. The
articular surface of the distal end is strongly convex
dorsoventrally, but only slightly so transversely;
this surface is also notable because it is set at an

angle to the rest of the shaft, away from digit III.
The latéral surface of the proximal end of this
phalanx is marked by rugosities which probably
represent the scars of some ligaments which helped
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to bind this end against the side of metacarpal III.
The second phalanx is an irregular, block-like bone;
its proximal end is more strongly concave dorso-
ventrally than transversely and has a roughly trian-
gular outline; the edges are thickened. Distally the
sides are slightly contracted, before expanding for
the distal articular surface. This distal surface is
convex and also triangular, and is set at an angle
to the proximal surface, directed anteromedially.
The ungual phalanx of I. atherfieldensis is quite
characteristic. The proximal articular surface is
roughly triangular in outline and bears a diagonal,
concave dépression. Distally, the bone tapers
toward its distal end, becomes dorsoventrally flat-
tened and terminâtes in a bluntly rounded point.
The claw groove is unusual because it appears to
be developed only along the anterolateral edge.
When articulated together, the phalanges of this
digit display a prominent inward curvature, away
from the longitudinal axis of the antebrachium and
hand.

Digit III comprises three phalanges. The proximal
surface is quadrangular in end view, concave dorso¬
ventrally, but essentially flat transversely and has
thickened edges. Distally, the sides of this phalanx
are contracted and the ventral (flexor) surface is
rugose, presumably showing the attachment area

for the flexor tendon. The distal end is expanded
and bears a well-developed articular surface,
strongly convex anteroposteriorly, and divided by
a shallow inter-condylar groove. The anterior ex¬
tension of this articular surface shows that hyper-
extension of this digit could have occurred.
The second phalanx of the smaller form is a short,
block-like element. The proximal surface is only
slightly concave, but the distal surface is very broad
and strongly convex dorsoventrally. The middle
portion of the bone is flat ventrally and rounded
dorsally.
The ungual phalanx is shorter and more blunt than
that of digit II and is curved laterally, away from the
latter. The proximal surface is broad, low and trans¬
versely grooved. Distally the sides are tapered and
curve laterally. The nail groove is only well develop¬
ed on the anteromedial edge. The ungual is flattened
on its flexor surface, curved above and ends in a
blunt, rugose and compressed edge. The ungual claw
was obviously broad and hoof-like rather than late¬
rally compressed and more sharply pointed as is
usual in a grasping type of manus (Hypsilophodon,
Galton, 1974; Deinonychus, Ostrom, 1969a).
When articulated together, the phalanges of this
digit show a slight latéral curvature, so that digits
II and III appear to splay apart.

Fig. 53.-I. atherfieldensis. IRSNB 1551.
The pelvis, as preserved (A) and
restored in left latéral view (B).
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Digit IV has three phalanges in I. atherfieldensis but
only two are known in I. bernissartensis. In I. ather¬
fieldensis ail three of these are well preserved. The
proximal phalanx is shorter and more slender than
those of the previous two digits. The proximal end
is transversely compressed, deep and slightly con¬
cave. Distally, the shaft is contracted with a trans¬
versely rounded dorsal (extensor) surface and a
more or less flat ventral (flexor) surface; the sides
are concave longitudinally and the flexor surface is
heavily scarred as if for tendinous insertion. The
distal end is expanded and has a well developed
articular surface, with a slight intercondylar groove.
The articular margin extends on to the extensor
surface. The second phalanx is smaller and block-
like, with moderately expanded articular ends. The
third phalanx, unlike the previous digits, is not
expanded to form a claw-bearing ungual. Its proxi¬
mal surface is broad, slightly concave and smoothly
articular. Distally, the sides taper slightly to a com¬
pressed, bluntly rounded distal end. The flexor sur¬
face is flat, but the extensor surface has a raised
midline ridge on either side of which are latéral
excavations. The distal surface is a rounded convex

bulge; there is no evidence of a nail groove and, if
a horny claw was borne on this digit, it would have
been very small compared to those of digits I - III.
When articulated together the phalanges of this
digit are more or less straight and run parallel to
those of digit III, although they are much shorter
than the latter.

Digit V is composed of three phalanges in both
IRSNB 1551 and BMNH R5764. This count was

confirmed by HOOLEY, who stated that:
"... in the left hand this digit [V] was undisturbed
and the phalanges were in position." (HOOLEY,
1925: p. 41)

Ail the phalanges of this digit have a very similar
form although they become progressively smaller
proximodistally. On each, the proximal end is
moderately expanded and mildly depressed. Distal¬
ly, the shaft is contracted but expands to a distal,
convex articular surface. The flexor surface is
flattened and the extensor surface transversely
rounded.
When articulated together the phalanges of the fifth
digit are more or less straight and taper distally.
This entire digit, including the metacarpal, diverges
at an oblique angle from the middle three digits
and is able to rotate across the wrist, on the oblique,
convex articular facet of fifth carpal V.
The entire articulated manus can be seen to be a

remarkably complex and specialized structure. The
first digit is modified into an obliquely directed
movable spine, which can rotate across the manus.
The middle three digits (II - IV) are bound together
proximally, into a single functional unit and this is
turn is anchored onto the carpus by means of a

deep socket which receives the proximal end of
metacarpal I; the distal extremities of digits (II
and III) splay outwards, and bear broad hoof-like
unguals; each of these three digits can be hyper-
extended. The fifth digit is set at an oblique angle
to the middle digits. The orientation of Carpal V
ensures that this digit can rotate transversely across
the hand and this, combined with the freedom of
movement, between the proximal phalanges, sug-
gests that this digit was probably a prehensile organ.

PELVIC GIRDLE

The anterior process of the ilium of I. atherfieldensis
forms a long, tapering projection from the antero-
dorsal edge of the iliac blade (Fig. 53). This process
is moderately thin and rounded along its dorsal
edge, below which the sides are more or less flat.
From its broad base, against the main blade, this

Fig. 54.-I. cf. atherfieldensis. BMNH R6462. Left ilium
in (A) latéral, (B) medial, (C) dorsal and (D)
ventral aspects.
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process extends forward, tapering slightly along its
length, and becomes curved outward and down-
ward (away from the vertebral column and poste-
rior ribs). It also becomes slightly twisted along its
length, so that the latéral surface cornes to face
obliquely dorsolaterally toward its distal end. After
gradually tapering for most of its length, this pro¬
cess becomes slightly expanded toward the distal
end, before terminating in a bluntly rounded and
compressed point. The medial surface of this pro¬
cess shows some variation in structure. In BMNH
R5764 and R5347 the medial surface is very strongly
buttressed at its base by a thick ridge, which deve-
lops from the buttressing around the facet for the
transverse process of the first true sacral vertebra.
This ridge extends forward along the anterior pro¬
cess in a shallow curve which progressively dimi-
nishes in size and rises toward the dorsal margin
before disappearing near the distal end. This large
ridge produces a broad ventral shelf on the anterior
process. In other individuals the medial ridge is
considerably less strongly developed (BMNH
R6462 - Fig. 54) so that the ventral shelf is very
poorly developed. The generalised ornithischian
dinosaur Hypsilophodon (GALTON, 1974) also
shows a considérable degree of variability in the
structure of the anterior process within a single
sprecies, which is comparable to that noted in Igua¬
nodon.
The main blade of the ilium forms a deep vertical
sheet of bone. The dorsal edge is transversely
rounded, rugose and becomes thicker posteriorly.
The latéral surface of the ilium below the dorsal
edge is concave vertically and at the anterior end,
it is rounded beneath the anterior process and ends
abruptly at a sharp edge which marks the junction
between medial and latéral surfaces. In latéral view,
this margin forms a deep embayment beneath the
anterior process and curves forward and downward
to form the dorsal margin of the pubic peduncle.
This latter is a moderately robust process, which
has a triangular cross-section. From the dorsal
margin of this process, the external surface is
smooth and slopes away ventrolaterally to termi-
nate at the sharp anterodorsal margin of the aceta-
bulum; anteriorly, the surface is terminated at a
blunt rugose end which was evidently capped by
cartilage. Beneath the acetabular margin, the sur¬
face forms a deep, smoothly arched concave dépres¬
sion, the surface of which is rather uneven, but of
a smooth texture. The medial surface of this process
is more or less flat and its surface is marked by
rugose striations which show the position of attach-
ment of the anterior sacral ribs (Fig. 54). The distal
end is rugose, blunt and contacts the pubis. How-
ever, the pubis is mostly supported by the large
anterior end of the first sacral rib, which also braces
the pubic peduncle of the ilium against the thrust
from the head of the femur.

Fig. 55.-I. atherfieldensis. IRSNB 1551. Pubis as pre-
served (A) and restored by reference to BMNH
R5764 (B). C, an outline of the pubis of I. ber-
nissartensis (IRSNB 1536).

Extending backward from the pubic peduncle, the
acetabulum, bordered dorsally by a sharp edge,
forms a concave embayment beneath the main body
of the ilium. Posteriorly, it terminâtes against the
transversely expanded ischial tuber; the ventral sur¬
face of this tuber is abruptly truncated and is very
rugose for attachment of the ischium. The anterior
half of the latéral surface of the tuber is flattened,
but posteriorly is more expanded so that these two
areas are separated by a step (Figs. 54 A, D). Poste-
rior to the ischial tuber, the ventral surface of the
blade curves upwards and backward to meet the
dorsal surface at a transversely expanded blunt
point. In ventral view, this posterior ventral extre-
mity can be seen to be reflected medially towards
its hind end and a ridge is developed at its ventro-
lateral border so that a brevis shelf is enclosed
between the two.

The medial surface of the iliac blade is quite com¬
plex in shape reflecting its rigid attachment to the
sacrum. There is a pronounced ridge (Fig. 54) run¬
ning along a line drawn between the ventral edge
of the anterior process and the posterior tip of the
blade. Above this ridge the ilium forms a broad,
concave, obliquely inclined surface, which bears
prominent fine radiating striations. Along the ridge
there is a series of four, bluntly ended apophyses
which serve as the sites of articulation of the trans-

verse processes of the first four true sacral ver-
tebrae. Immediately behind the most posterior of
these, the surface of the ridge is heavily scarred by
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an elongate slightly irregular dépression which
serves as the area of attachment of the fused sacral
rubs and transverse processes of the last two sacral
vertebrae. Beneath the central part of this hori¬
zontal ridge there is a smooth expanse of bone
which shows no sign of any form of osseus or mus-
cular attachment. Beneath this area there is another

rugose area which runs in a band along the ventro-
medial edge of the ilium from the internai surface
of the pubic peduncle backward, to coalesce with
the area for attachment of sacrais 5 and 6. This
whole area is for attachment to the fused distal
ends of the sacral ribs.
The pubis. The anterior pubic process has the form
of a deep, laterally flattened blade (Figs. 53, 55).
The anterior end is very expanded, with both latéral
and medial surfaces marked by prominent striations
for insertion of musculature for the hindlimb and
abdomen. Passing backward, toward the acetabular
margin, the dorsal edge of the anterior pubic pro¬
cess becomes thicker, more rounded and describes
a smooth concave curvature; it is also slightly warp-
ed lengthways. This warp along the dorsal edge
produces a very slight concave dépression which
has an oblique axis, passing backwards across the
dorsal surface of the anterior pubic blade, toward
the acetabulum (Fig. 55). This is most readily
explained as an adaptation to accomodate the bulk
of the dorsal part of the muscle running from the
posterior dorsal vertebrae to the fémoral head. At
its proximal end, the anterior pubic process is
broadly expanded and contacts the pubic peduncle
of the ilium and the first sacral rib. The ventral
border of the anterior pubic process is thin and
describes a shallow concave arch ventrally and runs
into the base of the post-pubic rod. The pubis forms
the anteroventral margin of the acetabulum; this is
a smooth concave dépression which forms a broad,
posteriorly directed articular surface in its anterior
half, but becomes much narrower as it curves poste¬
riorly. The latéral margins of the acetabular margin
are strongly everted. The posterior end of the aceta¬
bular border is bluntly truncated where it meets the
ischium, and forms a narrow process which overlies
the obturator foramen. The latter is an elliptical
opening, enclosed ventrally by the base of the post-
pubic rod and posteriorly by a triangular process
developed from the dorsal surface of the post-pubic
rod. Between the latter process and the posterior
acetabular margin there is a small gap, probably
filled with cartilage in life. The posterior surfaces
of these two processes are rugose and formed the
area for attachment of the ischium; this was con-
tinued ventrally, on to the dorsal surface of the
post-pubic rod for a short distance. The post-pubic
rod forms a long, curved, tapering rod the proximal
end of which is slightly flattened, and there is a
shallow ridge which runs along its dorsal edge
(BMNH 2194). In none of the specimens so far
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Fig. 56.-I. atherfieldensis. IRSNB 1551. lshium as pre-
served (A) and restored in latéral aspect from
BMNH R2195.

found has a complete post-pubic rod been pre-
served but , judging by the length of this same bone
in the larger species, it probably terminated about
mid-way along the shaft of the ischium.
The ischium is a long J-shaped bone (Figs. 53, 56).
The proximal end is broad and transversely flat¬
tened. The iliac head is broad, with an obliquely
truncated surface, where it is attached to the ischial
tuber of the ilium. Distally the shaft is laterally
flattened and curves forward and downward, its
posterior edge is rounded and describes a smooth
concave curve. Proximally and on the anterior
(acetabular) side of the head, the edge describes a
smooth concave curve forming the ventral border
of the acetabulum. Farther anteriorly, this margin
broadens and develops a shallow articular surface
just before it meets the acetabular portion of the
pubis. At its junction with the pubis, the ischium
forms a thick-edged deep plate; the ventral edge of
this plate has a slight thickening for suturai attach¬
ment to the proximal end of the post-pubis, but
becomes thin and sharp posteriorly as it curves
backwards into the main shaft. Distal to the pubic
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Fig. 57.
I. atherfieldensis. IRSNB 1551. Femur
(right) in latéral view (A) and medial
view (B); and outlines of the right
femur of BMNH R5764 in anterior (C),
médical (D), posterior (E), latéral (F),
proximal (G) and distal (H) aspects.

process, the shaft of the ischium becomes thicker
and also angular on its latéral surface but, as it does
so, the anterior edge produces a thin leaf-shaped
obturator process. This process curves medial to
the post-pubic rod, which it presumably supports.
Distally, the obturator process gives rise to a promi¬
nent ridge which descends the curved shaft of the
ischium and, as it does so, curves from the antero-
medial edge across to the posteromedial edge and
thereby imparts a distinct twist to the axis of the
shaft (Fig. 56). The external surface of the shaft is
thick and angular proximally but, passing distally,
this ridge becomes twisted forward, so that in cross-
section the shaft has the outline of an aerofoil, with
a thick rounded anterolaterally directed 'leading'
edge and a sharp 'trading' edge. Toward the distal
end, the shaft becomes transversely flattened and
anteroposteriorly expanded to give a footed end to
the ischium. The medial surface of the footed distal
end bears rugose striations, indicating its attach¬
aient to the adjacent ischium.

HIND L1MB

The proximal end of the femur is broad and saddle
shaped; the head is large, globular and set on a neck
at an angle to the shaft; it is separated from the
greater trochanter laterally, by a narrow, waisted
région (Fig. 57). This entire dorsal surface is of
a uniform texture, being smooth but irregularly
puckered, and was presumably entirely capped by
cartilage. The greater trochanter is convex dorsally
and anteroposteriorly expanded, its latéral surface

is heavily scarred with vertical striation and there
is a slightly raised ridge developed on its posterior
edge. Wrapped around the anterolateral corner of

Fig. 58. -I. atherfieldensis. IRSNB 1551. Tibia, fibula and
proximal tarsals in anterior view (A). Outline
lower leg bones of the holotype (BMNH R5764).
B, anterior; C, medial; D, posterior; E, latéral;
F, proximal; G. distal.

10cm
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Fig. 59.-I. atherfieldensis. (A) Fibula (left) medial view,
BMNH R6464; (B) tibia, distal and anterior
view, BMNH R6433; (C) astragalus and calca-
neum, proximal view BMNH R5354: (D) Tibia
and fibula distal view (Tibia BMNH R6433,
fibula Rivett collection BMNH, unregistered).

the greater trochanter, and separated from it by a
deep, narrow cleft, is the flattened lesser trochan¬
ter. This has a thin posterior edge, a thickened
rugose dorsal edge and a thicker, rounded anterior
edge. From this anterior edge on the lesser trochan¬
ter there is a low slightly roughened ridge, which
runs down and diagonally across the shaft of the
fémur toward the inner condyle; this gives the
impression that the shaft has been twisted, the distal
condyles having been rotated inwards 90° relative
to the proximal head.
From the head, the shaft curves laterally and is
anteroposteriorly contracted, producing a short
neck from which the shaft descends more or less

vertically. A short distance from the neck on the
posteromedial side of the shaft there appears a
slight ridge, and this develops into the 4th trochan¬
ter, which is of the crested type and lies in the
middle of the shaft. Onto the surface, and around
the base of this trochanter are the scarred areas for
insertion of the massive fémoral retractor and pro-
tractor muscles. Beneath the 4th trochanter, the

shaft of the fémur is curved towards the distal

condyles, this curvature being anteriorly convex;
the shaft in this région also has an oval cross-
section. The distal articular surface is slightly
expanded transversely, but considerably more ex-
panded anteroposteriorly. The two condyles are
separated anteriorly by a very deep, almost tubular
intercondylar groove which is so deep that the laté¬
ral walls which enclose the groove almost meet
above it. Ventrally, the two condyles are separated
by a narrow waisted région, which appears as a
slight concave dépression in posterior view. Poste-
riorly, the condyles are extended backwards by
large, heel-like buttresses which are themselves
separated by a deep and very broad intercondylar
groove. The inner condyle is considerably larger
than the outer, which is laterally compressed; on
the latéral surface of the latter condyle there is a
prominent, rounded vertical ridge, separating the
anterolateral surface of the condyle from the 'heel'
région. The distal articular surface has the same
smooth but irregular texture shown on the head,
and was undoubtedly similarly capped by cartilage.
The proximal end of the tibia is broad and expanded
and its surface is more or less flat transversely and
slightly convex anteroposteriorly (Fig. 58). The pos¬
terior portions of both inner and outer condyles
project backwards, and slightly downwards, over-
hanging the posterior surface of the shaft. The inner
condyle is slightly larger than the outer and has a
convex internai edge; posteromedially, these two
condyles are separated by a narrow and deep inter¬
condylar groove. The outer condyle has its latéral
surface flattened with a small central condyle
(BMNF1 R6431) and on to this surface rests the
head of the fibula. Toward the anterior part of this
fibular facet, the surface curves outward, wrapping
around the anterior edge of the fibula to form the
large cnemial crest. The edge of this crest faces
laterally and its anterior surface is transversely
rounded. Beneath the head of the tibia, the sides
contract quite sharply into a very slightly sigmoid
shaft. The cnemial crest which originates as a blunt
ridge on the latéral surface (Fig. 59) swings medially
across the anterior surface of the shaft before merg-
ing with the shaft; it continues as a slight ridge to
the distal end, where it merges with the inner edge
of the inner malleolus. The posterior surface of the
tibial shaft is smoothly rounded transversely across
most of its length. However, anteriorly the surface
is more angular, with the oblique cnemial ridge
and, latéral to this, another slight ridge which
appears a short distance below the fibular facet and
continues distally to form the latéral edge of the
outer malleolus (BMNFI R6431). The anterior sur¬
face of the mid-portion of the shaft between these
ridges is flattened and becomes gradually broader
distally, passing into the transversely expanded
inner and outer malleoli.
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The medial edge of the inner malleolus is broad
and buttressed posteriorly by a thick ridge; its distal
surface is anteroposteriorly expanded but is con-
tracted laterally so as to be almost triangular in end
view. This surface, which is convex anteroposte¬
riorly extends on to the anterior surface and is hea-
vily scarred for strong ligamentous attachment to
the astragalus. In anterior view the outer malleolus
is separated from the inner by a step and is less
broad and thick than the latter. On its anterolateral
side there is a flat striated facet, against which the
distal end of the fibula was sutured. The posterior
surface of this malleolus is slightly concave trans-
versely and the latéral edge is thickened and round-
ed. The distal surface is convex and was firmly
bound to the calcaneum, and is lower than the
adjacent malleolus.
The fibula is a rather narrow, twisted bone attached
to the latéral surface of the tibia. Its proximal end
is transversely compressed and roughly crescent
shaped in end view (Figs. 58, 59): its external sur¬
face is convex and its internai surface is concave.

The proximal surface is more or less flat and bears
signs which suggest that it was originally capped
with cartilage. In latéral view, the proximal end is
anteroposteriorly expanded with a more prominent
posterior tongue-like process, which lies against the
latéral tibial condyle. Internally, (BMNH R6464 -

Fig. 59) the surface is vertically striated for liga¬
mentous attachment to the external surface of the
outer condyle and cnemial crest of the tibia. Des-
cending from the proximal head, the anterior and
posterior edges are thin and contract inwards to
form the narrow, flat shaft which tapers toward its
distal end. In external view, the shaft maintains a
convex surface throughout its length. Internally,
however, the surface is in places irregularly scarred
and twisted. From the proximal end, the internai
surface is at first smooth and slightly concave, but
towards its middle the surface becomes irregularly
scarred and the posterior edge is interrupted. From
this point, the original posterior edge curves across
the internai surface of the shaft, the latter becoming
simultaneously thicker. This internai edge twists
forward to form the sharp anteromedial edge of the
flat facet on the distal end of the fibula which at¬
taches to the anterolateral facet on the distal end
of the tibia (Fig. 59). Distally, the fibula has a blunt
expanded foot, the internai surface of which is flat-
tened for attachment to the outer malleolus, and
its external surface is swollen and bulges forward.
The distal surface is convex, slightly rugose and
articulâtes against a facet on the calcaneum.

The ankle of Iguanodon is typically dinosaurian
with a hinge of the mesotarsal type between the
proximal and distal tarsals. As a resuit of this, the
proximal tarsals (astragalus and calcaneum) have
become wrapped around, and rigidly bound to, the

distal ends of the tibia and fibula and their distal
surfaces form a single broad saddle shaped articular
surface. The distal tarsals have the form of small
flattened dises, resting on the proximal ends of the
metatarsals; these provide (with the articular carti¬
lages) a flattened articulating facet for the proximal
tarsus and act as simple thrust pads.

The astragalus is the larger of the two proximal
tarsals and caps almost the entire distal end of the
tibia (Figs. 58, 59). Its proximal surface is excavated
by two adjacent dépressions for the two tibial mal-
leoii. The medial of these is transverse, quite broad
and its anterior lip has a dorsal extension or as-
cending process which increases the area of attach¬
ment to the malleolus. From the latéral edge of this
lip, the proximal surface develops a rounded ridge
running between the inner and outer malleoli.
thereby separating the two adjacent facets. The
latéral facet is steeply inclined and caps the medial
side of the latéral malleolus and is confluent with
the remainder of this facet on the calcaneum. The
medial edge of the astragalus is moderately thick
and convex ventrally. In ventral view, the astragalus
is widest medially and tapers inwards laterally to a
narrower waisted région which is saddle-shaped.
Most of the structure of the calcaneum (Figs. 58,
59) is known through an excellently preserved
isolated calcaneum (BMNH R6493 - Fig. 59). In
latéral view, the external surface is flattened; the
ventral edge is convex, and the dorsal edge has two
unequal recesses, separated by a broad projection.
The ventral surface is slightly convex transversely
and has an elongate rectangular shape; the surface
is rather uneven but of a smooth rather than rough
texture and was undoubtedly invested by cartilage.
The dorsal surface bears two large concave dépres¬
sions one behind the other and separated by an
obliqueridge. The anterior of these dépressions
received the distal end of the fibula and. judging
by the roughening of this surface, they were pro-
bably held together by connective tissue (liga¬
ments). Behind this, the other dépression is set at

Fig. 60.-1. atherfieldensis. Distal tarsals as preserved
(IRSNB 1551).
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a lower level than the former and is obliquely in-
clined, its long axis being directed anteromedially;
this received the latéral and distal surfaces of the
outer malleolus of the tibia. The medial surface of
the calcaneum is rather compressed dorsoventrally
and has a rough texture at its brief contact with the
astragalus. The précisé means of contact between
astragalus and calcaneum is unclear.
There appear to be three flattened distal tarsals in
Iguanodon (Fig. 60), as in I. bernissartensis (NOR¬
man, 1980). Hooley (1925) noted the presence of
two tarsals in BMNFI R5764; of these, only that
referred to as the "outer tarsal" (distal tarsal III)
remains, the other "inner tarsal" appears to have
been mislaid.
Distal tarsal II was apparently preserved in position
in IRSNB 1551 and is an elongate oval and flattened
bone, with one edge lightly indented. This bone,
which corresponds to the "inner tarsal" described
by Hooley (op. cit.) lay along the dorsal surface
of metatarsal II. Its dorsal surface, which is depres-
sed, articulated, via cartilages, against the inner
edge of the astragalus, and its internai border is
indented where it rests against distal tarsal III.
Distal Tarsal III is a smaller, more rounded dise of
bone attached to the posterior dorsal surface of the
third metatarsal. Its dorsal surface was slightly
convex (BMNH R5764) and it appears to have arti¬
culated against the waisted middle région of the
proximal tarsus.
Distal tarsal IV is quite a large thick dise of bone,
roughly kidney-shaped. Its ventral surface bears a

large convex bulge which fitted into a cup-shaped
dépression on the dorsal surface of metatarsal IV.
The edges of this bone are thick and its dorsal
surface, which articulated against the calcaneum, is
depressed.

There are four metatarsals, ail of which are tightly
bound together into a single broad metapodial unit.
Of these four, three (II, III and IV) are functional,

Fig. 61. - Comparative drawings of the left metatarsals of
I. atherfieldensis (A) and I. bernissartensis (B).
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Fig. 62.-I. cf. atherfieldensis. BMNH R1829. (A) medial
view of metatarsal II, showing position of meta¬
tarsal I. (B) proximal view of metatarsals in arti¬
culation.

that is they support phalanges, while the remaining
one (I) is reduced to a splint bone and does not
bear any phalanges. In the articulated foot, the
third metatarsal is the largest and the second is the
smallest; the fourth is only very slightly longer than
the second (figs. 61-64).
Metatarsal I is present in neither BMNH R5764 nor
IRSNB 1551, the two well-preserved skeletons of
this species. However, the articulated hind foot
(BMNH R1829) of an individual referable to this
species, was found by S.H. Beckles, in the Weal-
den Maris of the Isle of Wight; this was subsequent-
ly described by Owen (1872) and shown to possess
a rudimentary, style-like first metatarsal.
The proximal end to the first metatarsal is laterally
flattened and closely pressed to the medial edge of
the proximal surface of metatarsal II (Fig. 61); its
surface is also rugose and was evidently involved
in the proximal articular area. Below the head, the
shaft is laterally flattened, curved and tapering. In
this specimen, the proximal part of the shaft is
obliquely inclined, pointing posteroventrally; the
distal half of the shaft has broken away from the
former and lies in a vertical position along the shaft
of metatarsal II. On the basis of the position of this
portion of the splint, owen reconstructed meta¬
tarsal I in a vertical position alongside metatarsal
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II. However, since the proximal end of this splint
is obliquely truncated and still lies flush with the
edge of metatarsal II, it seems more probable that
the natural position for this splint was the oblique
one.

The proximal end of Metatarsal II is laterally com-
pressed and anteroposteriorly expanded, so that the
anterior edge forms a lip which overhangs the shaft
below. lts proximal articular surface is more or less
flat transversely and slightly convex toward the
anterior lip (Figs. 61-64). Distally, the shaft is
strongly contracted and laterally compressed, and
curves forwards and outwards to the expanded
distal articular end. The latéral surface presents a
broad flat rugose area which is ligamentously bound
to the adjacent surface of metatarsal III. About
half-way down the shaft, there is a small lip, deve-
loped from the anterolateral edge of the shaft,
which wraps around the medial edge of metatarsal
III; this apparently served to more rigidly bind the
second to the third metatarsal. Beneath this lip, the
shaft curves medially, away from metatarsal III,
and becomes strongly expanded anteroposteriorly.
The distal articular surface is large, well-developed
and faces obliquely inwards; it is convex antero¬
posteriorly, extending, on to the anterior surface,

Fig. 63. -I. atherfieldensis. BMNH R5764 and IRSNB
1551. Restoration of pes in dorsal aspect.

3

and more or less flat transversely. Posteriorly, there
is a shallow intercondylar groove which probably
acted like a pulley to guide the powerful flexor
tendon.
Metatarsal III is the largest and most symmetrical
of the metatarsals (Figs. 61-64). lts proximal end is
expanded, and in end view is triangular (apex poste-
rior) and flat. lts medial surface presents a broad
flat surface for attachment to metatarsal II, and its
anterodorsal edge is developed into a small, curved,
finger-like process which wraps around the anterior
edge of the latter. Beneath, the shaft is contracted
in ail aspects. The latéral surface has, near its ante¬
rior border, a low, rounded vertical ridge behind
which there is a slight vertical dépression. Both of
these features carry strong, irregular surface
markings which continue about half-way down the
shaft. The ridge and groove arrangement ensure a
close fit with the medial surface of metatarsal IV.
About half-way down the shaft on the anterior
medial surface, there is a shallow dépression which
receives the small lip-like process from metatarsal
II. Distally, the shaft expands into a large, well-
developed articular condyle. The articular surface
extends well on to the anterior and posterior sur¬
faces and is saddle-shaped, with a shallow inter-

Fig. 64. -I. atherfieldensis. BMNH R5764 and IRSNB
1551. Restoration of pes in ventral view.
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condylar groove. The shaft immediately above this
surface is buttressed, especially on the anterolateral
and anteromedial edges.
The proximal end of Metatarsal IV is expanded; its
external surface is rounded, but it is concave

medially where it is attached to metatarsal III. The
proximal surface bears a moderately deep dépres¬
sion into which fitted distal tarsal IV. Beneath the

proximal end, the shaft contracts and the external
surfaces are rounded. On the internai surface, the
concave dépression descends the shaft and rapidly
disappears, to be replaced by a stout vertical ridge
which was bound by ligaments to metatarsal III.
About half-way down the shaft this medial ridge
subsides and the distal half of the shaft curves late-
rally (away from metatarsal III) to the anteroposte-
riorly expanded distal condyle. Like that of the
second metatarsal, the distal articular surface faces
obliquely outward, has a large convex articular sur¬
face and a small posterior intercondylar groove. lts
latéral surface also possesses a rather deep pit for
collatéral ligaments, reminiscent of the very deep
pits seen on the sides of theropod metatarsals.

THE DIGITS

The phalangeal count of the pes is 0, 3, 4, 5, 0
(Figs. 63, 64). The phalanges of the pes were re-
assembled for BMNH R5764 by HOOLEY (1925:
fig. 8, VI). However, it is now clear from a study
of this specimen and several others that this recon¬
struction was a composite of phalanges from both
pes, several of which were misplaced. This explains
the rather unusual arrangement of phalanges in
digit IV, where the third phalanx is longer than the
second — the "third phalanx" is in fact the second
phalanx of digit II.

Digit II.
The proximal phalanx of this digit is the most slen-
der of all three digits (Figs. 63-65). lts proximal

Fig. 65.-1. atherfieldensis. Isolated pedal phalanges.

end is depressed and roughly quadrangular in end
view, although the dorsomedial corner is rounded
and flattened. Distally, the shaft is waisted and
re-expands distally to form the articular surface.
The dorsal surface of the shaft is transversely
rounded and the ventral surface more or less flat¬
tened. The distal articular surface is broad, with a

slight shallow intercondylar groove, and the surface
extends on to both extensor and flexor surfaces.
The second phalanx is considerably shorter than
the first and, unlike all other distal phalanges, has
strongly indented sides. lts proximal surface has
two adjacent facets separated by a vertical, rounded
ridge; dorsally, this ridge is continued as a small lip
found in all the distal phalanges apart from the
unguals. Distally, the shaft is flattened ventrally,
and the articular surface is broad and has a slight
intercondylar groove.
The ungual phalanx is a large, twisted and dorso-
ventrally flattened conical structure. lts proximal
end is roughly rectangular and bears two adjacent
articular dépressions. Distally, the phalanx is dorso-
ventrally compressed with a blunt, flattened distal
point; it is also curved both laterally and ventrally
along its length. The nail groove is present and
well-developed on the latéral surface, where it is
supported by a shelf; medially, as a conséquence
of the twisting of the surface, the groove is less well
marked.

Digit III.
The proximal phalanx is considerably broader than
that of digit II and is also shorter. lts proximal
surface is broad and concave to receive the large
distal condyle of metatarsal III. However, in most
other respects this proximal phalanx resembles that
of digit II.
Between the proximal phalanx and the ungual are
two compressed phalanges similar to, although
shorter and broader than, the second phalanx of
digit II.
The ungual is a large, symmetrical hoof-like bone.
From its broad and deep proximal end it curves
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forward and downward, becoming more dorso-
ventrally compressed and terminating in a broad
extremely rugose edge. This is flanked on either
side by a nail groove and its supporting shelf.

Digit IV.
The proximal phalanx is shorter than that of digit
III but less broad and slightly twisted in comparison
with the latter. The next three distal phalanges
become progressively more compressed and nar-
rower distally. The ungual phalanx has very similar
characters to that of digit II, except that it has the
opposite curvature to the latter, and tends to be
very slightly narrower.

The epidermis

Hooley (1917, 1925) described several skin
impressions found with the skeleton of BMNH
R5764. These are of two types: small, irregular
tubercles and considerably larger, flat polygonal
tubercles. Hooley (1925) described both types of
epidermal impression in detail. There are several
fragments of matrix which were found near the
ilium, dorsal ribs and on the manus (hooley,
1917) and these all show characteristically low
feebly convex, irregular small tubercles, showing
that the skin was probably quite thin and pliable.
The Belgian collection of Iguanodon was also
inspected for evidence of skin impressions. The
only ones found were on IRSNB 1551, and these
consist of several small areas on the latéral surface
of the anterior pubis (Fig. 55), and on several dorsal
neural spines (Fig. 31). These are of the same type
as those described above. hooley (1925) also
described some groups of larger, flat, polygonal
tubercles, which he found in matrix attached to the
ulna {op. cit., pl. II, figs. 4, 5); this type of tubercle
was not seen on any of the Bernissart specimens,
although Quinet (1972, fig. 21) figured a skin
impression of this type.

Comparative anatomy and systematic observations

Osteological comparisons are made below between
Iguanodon atherfieldensis (Fig. 66) and four other
well-described ornithopod dinosaurs: I. bernis-
sartensis, Camptosaurus dispar, Ouranosaurus
nigeriensis, Hypsilophodon foxii and the Hadrosau-
ridae. These character lists are then used to review
the systematics of these species of ornithopods.

a. IGUANODON BERNISSARTENSIS

The detailed anatomical similarities between I.

atherfieldensis and this larger species are numerous
and summarised in the generic diagnosis (page 3).

However there are a number of autapomorphies of
I. bernissartensis :

(i) an accessory palpebral
(ii) smooth convex margin to axis neural spine
(iii) sacrum with 7 true sacrais (+1 sacrodorsal)
(iv) humérus > 60% of length of femur
(v) intersternal ossification present
(vi) digital formula of manus: 2, 3, 3, 2, 4
(vii) pubis has narrow proximal part of shaft to

anterior process.
In addition to these consistent characters there are

several that may simply be size-related characters:
neural spines short and broad; scapula stout and
not expanded distally; pollex spike very large;
ossified ligaments on carpus; greater number of
teeth; greater degree of ossification of the occipital
condyle and supraoccipital; rough parapophyseal
facets; smaller orbit and shape of temporal fenes-
trae; depth of snout and lower jaw; quadrate
straight.

Comments.
The significance of these différences are difficult to
assess in terms of the taxonomie status of these two

species; they are clearly open to two alternative
interprétations. Firstly, and the view I adopted
earlier (Norman, 1980), the osteological différen¬
ces between the two morphotypes of Iguanodon can
be regarded as sufficiently clear to enable them to be
distinguished as what may be termed "osteological
species". The implication of this interprétation is
that since I. atherfieldensis and I. bernissartensis
were undoubtedly sympatric contemporaries they
may have exhibited some perhaps size-related or
presently unknown ecological différences by which
they were partitioned as biological species in their
natural habitat. Certainly it has been proposed and
observed that compétition appears to be most in¬
tense among related species if sympatric distribu¬
tions are maintained. Différences in behaviour

(Hutchinson, 1959) size (Rosenzweig, 1966;
Schoener, 1969,1970) or combinations of these are
necessary to decrease compétition for similar resour¬
ces. Dodson (1975, 1976) was able to demonstrate,
with some confidence, that sexual dimorphism was
present in lambeosaurine hadrosaurs and Protocera-
tops respectively. Both of these forms are notable for
their development of cranial ornament (narial crests,
horns or occipital frills) all of which proved crucial to
the assignment of sexual morphs. The absence of
such obvious visual display structures in Iguanodon
sp. makes the identification of sexual types difficult.
The osteological différences between I. atherfiel¬
densis and /. bernissartensis do not readily correlate
with sexual features, thus it seems most probable
that the two species that are currently recognized are
valid and that the différences in size etc., reflect
ecological partitioning (cf. hutchinson, 1959:
Dicerosvs. Ceratotherium).
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The alternative viewpoint is that proposed initially
by Van Beneden (1881) and later elaborated by
Nopcsa (1929) in which the two forms are regarded
as sexual morphs of one species. Nopcsa suggested
that the small species I. atherfieldensis represented
a solitary, small maie preserved with a herd of
larger females (ƒ. bernissartensis). The criteria for
this assignment were derived from comparisons
with North American hadrosaurids, which have
since proved to be incorrect (cf. Dodson, 1975).
While it is perfectly possible that these two species
are sexual forms of a single species, unfortunately
there seems to be no direct corrélation between
anatomical form and prospective sexual status in
either specimen. I therefore regard them, for the
time being, as separate species of the genus Igua¬
nodon.

b. CAMPTOSAURUS DISPAR (FigS. 67-72)

Camptosaurus comes from the Upper Jurassic Mor-
risson Formation of Wyoming, and therefore pre-
dates both species of Iguanodon. Nevertheless C.
dispar shows several synapomorphies with Igua¬
nodon sp.

Characters shared with Iguanodon :
(i) elongation of snout using premaxillae,

nasals, maxillae
(ii) général skull morphology
(iii) premaxillae edentulous and excavated

laterally
(iv) mandibular bones very similar
(v) teeth in dentary and maxilla very similar
(vi) axial vertébral column very similar
(vii) scapula tall, expanded distally and

proximally
(viii) humérus straight, low delto-pectoral crest,

and longer than ulna
(ix) metacarpal I fused to carpus
(x) manus digits I and V divergent

(xi) ilium with deep and medially reflected
post-acetabular blade

(xii) J-shaped, footed, ischium with proximal
obturator process

(xiii) anterior pubic process laterally compressed
(xiv) femur curved distally, with crested 4th

trochanter, and anterior intercondylar
groove

(xv) small antorbital fenestra.
This character list is suggestive of a close relation-
ship between Camptosaurus and Iguanodon sp. In
particular, characters (v), (vii), (viii), (ix), (x) sup¬
port the inclusion of Camptosaurus in the family
Iguanodontidae.

Characters distinguishing Camptosaurus from Igua¬
nodon:

(i) premaxillae have short postdorsal process

(ii) nasals divergent posteriorly
(iii) palpebral articulâtes between lachrymal and

prefrontal
(iv) supraoccipital forms dorsal margin of the

foramen magnum
(v) vertébral formula 9,16(7), 4/5, 44+
(vi) axis neural spine not expanded antero-

dorsally
(vii) dorsal neural spines low, transverse

processes long
(viii) crescent-shaped sternal bones
(ix) manus digital formula 2, 3, 3, 3,1(+)
(x) pollex ungual not conical
(xi) posterior pubic rod = length of ischium
(xii) lesser trochanter of femur narrower

(xiii) digit I of pes has two phalanges (including
an ungual claw)

(xiv) manus digits II-IV splayed apart.
These characters serve to clearly distinguish Camp¬
tosaurus from Iguanodon and substantiate its sepa¬
rate generic status.

C. OURANOSAURUS NIGERIENSIS (FigS. 67-72)

Ouranosaurus comes from the late Lower Creta-
ceous (Aptian) of Niger. As in the case of Campto¬
saurus, Ouranosaurus shows several synapomor¬
phies with Iguanodon, as well as possessing its own
distinctive characters.

Characters shared with Iguanodon:
(i) dentary and maxillary teeth very similar
(ii) général proportions of skull and lower jaw

and articular relationships of bones
(iii) reduced antorbital fenestra
(iv) supraoccipital excluded from foramen

magnum
(v) scapula tall expanded proximally and

distally
(vi) humérus straight, low delto-pectoral crest,

and longer than ulna
(vii) carpals co-ossified
(viii) metacarpal I fused to carpus
(ix) ungual of manus I is a conical spike
(x) femur curved distally, anterior inter¬

condylar groove
(xi) iliac blade deep posteriorly and reflected

medially
(xii) vertébral formula 11,17, 6, 33(+)

(xiii) short posterior pubis
(xiv) anterior pubic process deep, transversely

compressed
(xv) divergent manus digits I and V.

Many of these characters are also found in Campto¬
saurus: (i-iii), (v-viii), (xi), (xiv), (xv). This suggests
very strongly that Ouranosaurus should also be
included in the family Iguanodontidae.
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Characters distinguishing Ouranosaurus from Igua¬
nodon :

(i) premaxillae expanded transversely
(ii) nasals thickened posteriorly
(iii) palpebral articulâtes with lachrymal and

prefrontal (Camptosaurus)
(iv) squamosal not extended posteroventral to

the head of the quadrate
(v) longer diastema between predentary and

lst dentary tooth
(vi) axis neural spine not expanded antero-

dorsally (Camptosaurus)
(vii) neural arches fused to intercentrum in atlas
(viii) extreme elongation of neural spines of

dorsal and sacral vertebrae

(ix) fused scapulo-coracoid
(x) pes, digit I absent
(xi) (?) posterior pubic symphysis.

The suite of characters above clearly distinguishes
Ouranosaurus from Iguanodon and Camptosaurus
at the generic level.

d. HYPSILOPHODON foxii (Figs. 67-72)

A contemporary of I. atherfieldensis, and I. bernis-
sartensis, Hypsilophodon is morphologically a rather
generalized ornithopod. It shares only the most
général of characters with Iguanodon, Campto¬
saurus and Ouranosaurus but will serve as a suitable

comparator for systematic considérations (below).

Characters shared by Hypsilophodon and the Igua-
nodontidae:

(i) inset cheek teeth
(ii) cheek teeth crowns broad (laterally

compressed) and form an interlocking
battery with confluent wear facets

(iii) dentary crowns with thick enamel medially,
maxillary crowns enamelled laterally

(iv) no external mandibular fenestra
(v) step between premaxilla and maxilla
(vi) slender 'loose' palpebral
(vii) maxillae meet in midline anteriorly (?)
(viii) skull pleurokinetic (Norman, 1984)
(ix) coronoid process developed on mandible
(x) curved sternal bones
(xi) divergent digit V in manus
(xii) obturator process on ischium.

Characters found in Hypsilophodon and not in the
Iguanodontidae :

(i) short snouted triangular skull, orbits very
large, frontals narrow and large orbital
exposure (p)

(ii) large rectangular quadrato-jugal with
foramen

(iii) medial ventral process on predentary (p)
(iv) no large médian ridge on crowns of

maxillary teeth

(v) "cursorial" hind limb proportions (p)
(vi) antorbital fenestra partly enclosed, large

antorbital fossa

(vii) 5 premaxillary teeth
(viii) ossified tendons form sheeth around end of

tail

(ix) narrow anterior pubic process
(x) straight ischium with obturator process

midway along shaft
(xi) manus digital formula 2, 3, 4, ?2, ? (p)
(xii) small lesser trochanter and pendant 4th

trochanter on femur

(xiii) metatarsal V retained (p).
[p = plesiomorphic or generalized orni-
thischian character.]

Thus Hypsilophodon is recognized as a valid genus
of ornithopod dinosaur.

e. hadrosauridae (Figs. 67-72)

Hadrosaurs are a very distinctive group of ornitho-
pods found in the Upper Cretaceous of the Ameri-
cas and Eurasia which seem to have close affinities
with the Iguanodontidae (Norman, 1984; Taquet,
1975).

Characters shared by Hadrosaurids and Iguanodon-
tids:

(i) elongate snout (premaxillae, nasals,
maxillae)

(ii) supraoccipital excluded from foramen
magnum (Iguanodon + Ouranosaurus)

(iii) 4th trochanter of femur crested and in
middle of shaft (femur > tibia)
(Tenontosaurus?)

(iv) anterior intercondylar groove on femur well
developed

(v) deep anterior pubic process
( Tenontosaurus)

(vi) premaxilla edentulous (Tenontosaurus)
(vii) paroccipital processes curved sharply

downward behind quadrate head
(viii) lost one phalanx from manus digit III

(ix) reduced posterior pubis (Iguanodon +
Ouranosaurus + Tenontosaurus)

(x) hatched-shaped sternals (Iguanodon +
Ouranosaurus)

(xi) width between orbits > occipital width
(? primitive).

Characters of the Hadrosauridae :
(i) broad premaxillary beak
(ii) reduced latéral exposure of maxilla
(iii) expansion of anterior end of jugal
(iv) no antorbital fenestra
(v) palpebral lost/fused to orbit margin

(vi) postorbital pouches
(vii) no quadrate foramen
(viii) long diastema between 'beak' and dentition
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Fig. 66. -1. atherfieldensis. Full skeletctl restoration in bipedalpose. Based on IRSNB 1551, and in quadrupedalpose, from
Gregory Paul.

(ix) minimum of 3 teeth in each tooth family,
tooth roots cemented together, maxillary
and dentary tooth crowns diamond shaped
with médian primary ridge

(x) vertébral formula (average : 13,19,8,
50+)

(xi) dorsal vertebrae persistently
opisthocoelous

(xii) scapula strongly curved with no anterior
expansion of proximal end

(xiii) humérus sigmoid, prominent low delto-
pectoral crest, equal to or > length of ulna

(xiv) two small carpal bones only
(xv) no digit I in manus (formula 0, 3, 3, 3, 3)

(xvi) ilium with 'antitrochanter' and low,
narrow post-acetabular blade

(xvii) fémur straight distally
(xviii) metatarsal I absent.
This extensive list of characters supports the propo¬
sition that the Hadrosauridae are a valid family of
ornithopod dinosaurs.

f. SYSTEMATIC OBSERVATIONS

(i) Hypsilophodon in addition to its own charac-
teristics (autapomorphies) shares several more
général characters (synapomorphies) with both
iguanodontids and hadrosaurids and can be regard-
ed as the primitive sister-taxon of the latter (Node
A - Fig. 74).
(ii) Iguanodontids and hadrosaurids share 11 syna¬
pomorphies (Node B - Fig. 74). However several
of these characters appear sporadically elsewhere
notably in Tenontosaurus tilletti Ostrom, 1970.
Tenontosaurus (Fig. 73) is at present imperfectly
known, although numerous skeletons of this species
have been reported (ostrom, 1970). Following
dodson (1980) Tenontosaurus is regarded as a
hypsilophodontid and not an iguanodontid (gal¬
ton, 1974). Hypsilophodontid characters of Tenon¬
tosaurus are: absence of primary ridge on maxillary
teeth; large quadrato-jugal; (?) lack of contact
between premaxilla and lachrymal; postacetabular
blade deep with narrow (virtual) brevis shelf;
ischium straight, with obturator process in middle
of shaft; humérus sigmoid with prominent delto-
pectoral crest; no anterior intercondylar groove on
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Fig. 67. - Comparative outline drawings of ornithopod skulls of (A) I. atherfieldensis, (B) I. bernissartensis, (C) Campto-
saurus (from Gilmore, 1909), (D) Ouranosaurus (from Taquet, 1976), (E) Hypsilophodon (from Galton,
1974), (F) Edmontosaurus (from Lambe, 1922).

femur; distal end of tail sheathed in ossified ten-
dons; (?) unspecialized carpus. However, in addi¬
tion to these characters, Tenontosaurus displays a
suite of characters that are presumably size-related
and appear in parallel to those seen in the Iguano-
dontidae and Hadrosauridae (Fig. 73): (i) no pre-
maxillary teeth, (ii) crested 4th trochanter in middle
of femur (femur > tibia), and a laterally compres-
sed lesser trochanter; (iii) deep anterior pubic pro-
cess and short posterior pubic process; (iv) phalanx
lost in manus digit III.
(iii) The Iguanodontidae are a clade united by at
least 10 synapomorphies (Node C - Fig. 74) —

notably the possession of very similar teeth, shoul-
der girdles and forelimbs. Iguanodon and Ourano¬
saurus are placed as sister-taxa (Node D - Fig. 74)
because of their shared possession of the conical
pollex, vertébral formula, form of the occiput and
short posterior pubis.

(iv) The Hadrosauridae (E - Fig. 74) are a well
established clade placed here as the sister-family of
the Iguanodontidae, rather than forming a simple
transformational series from the grade group Igua¬
nodontidae (sensu Galton, 1974; Taquet, 1975).
The evolutionary assumptions that underlie this
proposition are that (i) parallelism and convergence
(as demonstrated in Tenontosaurus) occur in large-
bodied ornithopods and are responsible for several
anatomical features hitherto regarded, explicitly or
implicitly, as being of value in determining phylo-
genetic relationships, (ii) that the specializations in
the forelimb of iguanodontids (sensu stricto) in par-
ticular, are incompatible with the évolution of those
of hadrosaurs and (iii) that Ouranosaurus is a
specialized late iguanodontid which parallels in
many respects the anatomical developments seen
in hadrosaurs.
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Fig. 68. - Comparative drawings of ornithopod skulls
dorsal views (A) I. atherfieldensis, (B) I. bernis-
sartensis, (C) Camptosaurus, (D) Ouranosau-
rus, (E) Hypsilophodon, (F) Edmontosaurus.

Skeletal myology

the musculature of the pectoral girdle and

forelimb

Fig. 69. - Comparative pectoral girdles in latéral view.
(A) Camptosaurus, (B) Ouranosaurus, (C) Hyp¬
silophodon, (D) Hadrosaurid (after Lull and
Wright, 1942).

In the past, attention has been focused on the mus¬
culature of the pelvis and hindlimb of the bipedal
ornithischian dinosaurs (Romer, 1927; Lull and
Wright, 1942; Galton, 1969). This was stimu-
lated by the unusual structure of the ornithischian
pelvis. By contrast, the pectoral girdle of these
dinosaurs and its musculature has, for the most
part, been ignored save for a brief appraisal by
Lull and Wright (1942). The latter provided a
brief description of the forelimb muscles of the
hadrosaur Anatosaurus. However, the origins and
insertions of the various shoulder muscles are diffi-
cult to trace.

In Iguanodon, the forelimb represents an inte-
resting stage from a functional point of view, since
the osteological evidence suggests that both I. ather¬
fieldensis and I. bernissartensis were quite capable
of using their forelimbs for weight support and qua-
drupedal progression (Fig. 66). Indeed, I. bernis-
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Fig. 70. - Comparative forelimbs in latéral view. (A)
Camptosaurus, (B) Ouranosaurus, (C) Hypsilo-
phodon, (D) Hadrosaurid.

sartensis appears to be on the threshold between
being a conventionally bipedal ornithopod and an
obligate quadruped (Norman, 1980). However,
these species have not yet developed the extremely
massively constructed forelimb and the stout, fre-
quently fused scapulo-coracoid, both of which seem
to be characteristic of the obligate quadrupedal
ornithischians (the ceratopians, stegosaurs and
ankylosaurs). Nevertheless, the pectoral muscula¬
ture of Iguanodon must have been sufficiently well
developed to permit effective quadrupedal locomo¬
tion and weight support.
In order that the pectoral musculature of Iguano¬
don may be reconstructed, the various muscle scars
on the pectoral girdle and forelimb have been com-
pared to those found on the corresponding areas of
the living crocodile. The reasons for this choice are
two-fold. The crocodiles are arguably the nearest
living relatives of ornithischian dinosaurs, apart
from the birds, which are obviously too specialized

for any fruitful myological comparisons. Secondly,
the comparison is partly justified by the quite close
correspondence in shape between the scapulae and
humeri of these two archosaurs.
The muscles of the shoulder and the upper arm of the
crocodile were first thoroughly described by FÜR-
bringer (1876). Gregory and Camp (1918) pro-
vided a detailed review of the identification of shoul¬
der muscles in a variety of reptiles and mammals; this
was augmented by Romer (1922) in a detailed study
of the homologies and functional aspects of the fore¬
limb musculature in primitive vertebrates. The
muscle terminology used in the following discussion
is taken from Gregory and Camp (1918), with
FÜRBRINGER's original terms included in paren¬
theses; absence of parantheses indicates that FÜR¬
bringer's terminology was the same.

Axial Musculature
M. trapezius (cucullaris)
M. levator scapulae (collo-scapularis super-

ficialis)
M. serratus superficialis (thoraci-scapularis

superficialis)
M. serratus profundus (collo-thoraci-scapularis

profundus)
M. rhomboideus
M. costocoracoideus (sterno-costo-scapularis)

Fig. 71. - Comparative pelves in latéral view. (A) Campto¬
saurus, (B) Ouranosaurus, (C) Hypsilophodon,
(D) Hadrosaurid.



334 DAVID b. norman

Fig. 72. - Comparative hindlimbs. (A) Camptosaurus,
(B) Ouranosaurus, (C) Flypsilophodon, (D)
Hadrosaurid.

Appendicular musculature
A. Dorsal muscles of the forelimb:

M. latissimus dorsi (dorso-humeralis)
teres major
subcoraco-scapularis (subscapularis)
scapulo-humeralis posterior (scapulo-
humeralis profundus)
dorsalis scapulae group:

M. dorsalis scapulae (deltoides
scapularis superior)

M. deltoides clavicularis (deltoides
scapularis inferior)

scapulo-humeralis anterior
triceps (anconaeus)

M.
M.
M.

M.

M.
M.

M. supracoracoideus
M. coracobrachialis
M. biceps (coraco-antebrachialis)
M. brachialis (humero-antebrachialis inferior).

Axial musculature

(a) M. trapezius (cucullaris). This muscle typically
arises from the fascia of the dorsal midline and runs

diagonally backward and down to the anterior bor¬
der of the scapulo-coracoid. Among crocodilians
and other higher tetrapods (Gregory and Camp,
1918) its anterior portion reaches the skull. In
crocodiles the more ventral part of this portion
forms the M. sterno-mastoideus, inserting on the
sternum (clavicle and its corresponding slip having
been lost). The trapezius proper inserts on the ante¬
rior edge of the scapula, dorsal to the spine in
crocodilians (Fürbringer, 1876, T. XXVI, fig. 93
eu').
In Iguanodon, the origin of the trapezius was
presumably along an aponeurosis over the neural
spines of the posterior cervical and anterior dorsal
vertebrae. Its area of insertion is not very clearly
defined, but appears to have been confined to the
proximal, anterior edge of the scapula, along the
L-shaped, thickened buttress (scapular spine) of
bone supporting the "clavicular facet" (Figs. 75A,
77 tra). The surface of this buttress is very rugose
and probably represents a strong tendinous inser¬
tion.

(b) M. levator scapulae (collo-scapularis superficia-
lis). This forms part of a group of latéral axial
muscles originating from the ribs of the cervical and

Fig. 74. - Cladogram of selected Ornithopoda based on the
characters discussed in the text and modifiedfrom
Norman (1984).
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Fig. 73.-Tenontosaurus tilletti OSTROM, 1970. (A) skull, latéral, (B) skull, dorsal, (C) pectoral girdle, (D) humérus,
(E) manus, (F) pelvis, (G) fémur, (H) pes. (From Dodson 1980).

dorsal vertebrae; they insert mainly on the dorsal
inner surface of the scapular blade. The most ante-
rior member of this group, the levator scapulae,
inserts along the anterior edge of the scapula in
crocodiles {op. cit., T. XXVL, fig. 93, cssp').
In Iguanodon, the anterior edge of the scapula,
distal to the M. trapezius insertion, becomes sharp
and rugose. This is very similar to the structure of
the crocodilian scapula. This rugose edge is there-
fore interpreted as the probable area for insertion
of the levator scapulae (Figs. 75A, B; 77, ls).

(c) M. serratus superficialis (thoraci-scapularis
superficialis). This, the second of the latéral axial
muscle group, arises from the distal ends of the ribs
of the posterior cervical and anterior dorsal verte¬
brae in crocodiles. It inserts along the posterior
margin of the scapular blade {op. cit., T. XXVI,
fig. 93, thssp').
In Iguanodon, the posterior edge of the distal part
of the scapular blade is sharp, and heavily scarred
on both latéral and medial surfaces. Since it is
usual for portions of this group of muscles to insert
on the medial surface of the scapula, the medial
area is selected as that which most probably repre-
sents the insertion for this muscle (Figs. 75B, ser.
s; 77).

(d) M. serratus profundis (collo-thoraci-scapularis
profundus). The third and last member of this
group arises from the transverse processes of the
cervical vertebrae, and inserts on the inner and
upper surface of the scapula and suprascapula in
crocodiles {op. cit., T. XXVI, fig. 91, cthspr).
In Iguanodon, this muscle probably inserted in a
similar area on the distal inner surface of the scapu¬
lar blade, an area which shows many sub-parallel
rugose striations. It may also have inserted on the
medial surface of the suprascapula, if this bone was
originally present (Fig. 75B, ser. p).

(c) M. rhomboideus. Crocodiles are the only living
reptiles in which the rhomboideus muscle is deve-
loped. It arises from the fascia above cervical ver¬
tebrae eight and nine and inserts on the anterior
portion of the dorsal inner surface of the supra¬
scapula {op. cit., T. XXVI, fig. 91, rh). Since this
muscle is also present in birds, it seems probable
that it was present in stem-archosaurs. Therefore,
although there is no direct evidence from muscle
scars on the scapula or suprascapula of Iguanodon,
this muscle may nevertheless have been present.

(j) M. costo-coracoideus (sterno-costo-scapularis).
In crocodiles this muscle originates along the ante-
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rior margin of the sternal ribs, and inserts along
the posterior margin of the coracoid and the latéral
borders of the sternal plate.
This muscle appears to have been present and well
developed in Iguanodon, judging by the conspi-
cuous, depressed, crescent-shaped muscle scar
found on the posteromedial edge of the coracoid.
It presumably had a similar arrangement to that in
crocodiles and originated from the cartilaginous
sternal ribs and the latéral borders of the adjacent
sternal bones (Fig. 75D, cc).

Dorsal muscles of the forelimb
(a) M. latissimus dorsi (dorso-humeralis). Typical-
ly, this muscle arises from the fascia of the external
surface of the dorsal ribs and its fibres converge
anteriorly to an insertion near the head of the
humérus. This insertion is in common with that of
the closely related M. teres major.
In Iguanodon, the origin of the latissimus dorsi was
probably from the dorsal fascia of the rib cage.
However, the common tendinous insertion is very
well marked as an oval rugose patch on the dorsal
surface of the humérus. This scar is situated distal
to the head of the humérus, on the dorsomedial
surface of the shaft (Figs. 76A, ld - tm; 77, ld).

(b) M. teres major. As has been noted by Romer
(1922), the fibres of the latissimus dorsi run close

to the posterior upon it. This derived muscle, the
equivalent of the mammalian teres major, joins a
common tendon to insert with the latissimus dorsi
on the dorsal surface of the humérus.
In Iguanodon, the external surface of the scapula
has, on its posterodistal surface, a broad triangular
area which is available for, and probably served as
an area for origin of, the M. teres major. This
muscle, as suggested above, inserted onto the dor¬
sal surface of the humérus by a common tendon
with the latissimus dorsi, (Figs. 75A, 77, tm).

(c) M. subcoraco-scapularis (subscapularis). This
muscle arises from most of the medial surface of
the scapula, and inserts on the medial edge of the
humérus, medial and adjacent to the articular head.
In Iguanodon, the posterior edge of the scapular
blade is prominently scarred along either side of a
sharp, bevelled edge. The more dorsal part of the
inner posterior surface was presumably occupied
by the M. serratus superficialis. However, ventral
to this there is an area on the posteromedial edge
of the shaft, adjacent to the prominent scar for
origin of the M. scapulo-humeralis posterior. It
seems reasonable to suppose that this area repre-
sents at least a part of the area of origin for the
subcoraco-scapularis. The medial shoulder of the
proximal end of the humérus is heavily scarred as
if by tendinous insertion (BMNH R6614) and this

Fig. 75. -I. atherfieldensis. A restoration of the muscular attachments on the pectoral girdle. (For abbreviations see page
371-372.) (A) scapula latéral, (B) scapula medial, (C) coracoid latéral, (D) coracoid medial.

ser p
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most probably represents the area for insertion of
the above muscle (Figs. 75B; 76A, sbs).

fd) M. scapulo-humeralis posterior (scapulohume-
ralis profundus). In crocodiles, this muscle origi-
nates from the posterior edge of the lower third of
the scapular blade, on the latéral, rather than the
medial side {op. cit., T. XXVI, figs. 90, 93, shpr).
This muscle inserts on the proximal end of the
humérus adjacent to the insertion of the subcoraco-
scapularis, on the medial edge of the proximal end
of the humérus {op. cit., T. XXVII, fig. 102, shpr1).
In Iguanodon, several scapulae (BMNFI 36505,
R2848) possess a very well-defined scarred area, in
a position exactly homologous to the area for origin
of the scapulo-humeralis posterior in crocodiles, on
the postero-lateral edge of the proximal end of the
blade. The humerai insertion of this muscle is less
well defined. On the dorsal surface of the humérus,
latéral to the scarred area interpreted as the area
for insertion of the subcoraco-scapularis, there is
an ill-defined area of lightly striated bone which
may represent the area for insertion of this muscle
(Figs. 76A ; 77, sh).

(e) Deltoid group (dorsalis scapulae). In croco¬
diles, the deltoid muscle forms a broad sheet of
fibres, running from the dorsal and anterior por¬
tions of the girdle, to the proximolateral area of
the shoulder of the humérus. It is divisable into two

sheets: the M. dorsalis scapulae (deltoidesscapularis
superior) from the upper external surface of the
scapula {op. cit., T. XXVI, fig. 93, dss°); and the M.
deltoides clavicularis (deltoides scapularis inferior).
The latter is derived from an origin on the clavicle
and interclavicle but, since the clavicle is absent
in crocodiles, this muscle has shifted its origin to
the anteroventral border of the scapula (hence
Fürbringer's more appropriate terminology —

op. cit. T. XXVI, fig. 93, dsi°). The M. dorsalis
scapulae inserts on the dorsolateral surface of the
humérus, near the proximal head and medial to the
delto-pectoral crest. The M. deltoides clavicularis
inserts on the dorsolateral surface of the deltopec-
toral crest, adjacent and dorsal to the pectoralis
muscle {op. cit., T. XXVI, fig. 93, dss1, dsi1).
In Iguanodon, the M. dorsalis scapulae undoub-
tedly originated from the major part of the broad
antero-external surface of the scapula (Fig. 75A,
ds). It would have inserted either on the latéral
shoulder of the head of the humérus, which is
rugose and scarred, or alternatively from the dorso¬
lateral surface of the shaft, near to the head, similar
to the situation in crocodilians, as this area also
shows some low striation (Figs. 75A; 76A; 77, ds).
The second part of the complex, the M. deltoides
clavicularis, probably originated from the raised
rugose buttress on the scapula of Iguanodon (Figs.
75A, 77 de) as this occupies an approximately
homologous position to the scapular spine in croco-

Fig. 76. -1. atherfieldensis. A restoration of the muscular attachments on the forelimb. (A) humérus posterior, (B) humérus
anterior, (C) radius and ulna latéral. (For abbreviations see page 371-372.)
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Fig.77.-I. atherfieldensis. Restoration of the Unes of
action of the principal shoulder muscles.

diles, which serves as the origin of this muscle in
these forms, {op. cit., T. XXVI, fig. 93, Sp.S). This
muscle was evidently powerful, since its insertion
on the humérus is very heavily scarred, lying along
the dorsolateral edge of the deltopectoral crest, and
slightly separate from the more latéral and ventrally
positioned scar for the pectoralis muscle.

(f) M. scapulo-humeralis anterior. This muscle is
absent from crocodiles, and its presence in Iguano¬
don cannot be identified with any certainty. Indeed
it may have been absent, since it is also absent in
birds. Had it been present, it would undoubtedly
have had a very similar position to that occupied
by the M. deltoïdes clavicularis, at least judging by
its position in Spenodon (FÜRBRINGER, 1900),
originating from the anterior edge of the proximal
end of the scapula and inserting on the latéral sur¬
face of the shaft of the humérus.

(g) M. triceps (anconaeus). This muscle is the prin¬
cipal extensor of the forearm and has a single
massive tendinous insertion on the olecranon of the
ulna. This muscle is subdivided into a number of
slips — five in the crocodile. Two of these originate
from the pectoral girdle, while the remaining three

originate from the shaft of the humérus. FÜR¬
BRINGER noted that this degree of differentiation
was found in some birds, but not in lizards or Sphe-
nodon. It seems likely that this rather complex form
of triceps musculature was present in the earliest
archosaurs. Therefore it does not seem too unrea-

sonable to suppose that this arrangement was also
present in ornithischian dinosaurs.
The two pectoral origins of the triceps can be iden¬
tified in Iguanodon with some confidence, (i) M.
triceps scapulare laterale externum. As in croco¬
diles, this head of the triceps originated from the
strong buttress immediately above the glenoid. In
Iguanodon, the surface of the homologous buttress
is similarly heavily scarred as if for this muscle
(Figs. 75A, B; 77, tre). (ii) M. triceps coraco-scapu-
laris. This head aries below the glenoid from the
postero-external surface of the coracoid (Fig. 75c,
trc). In Iguanodon, this précisé area is marked
by a well-developed, depressed, crescent-shaped
muscle scar.

The humerai origins of the three heads of the tri¬
ceps are much less clearly developed: (i) M. triceps
humeralis lateralis. It is suggested that this muscle
had an extensive origin from the dorsal surface of
the shaft of the humérus, as in crocodiles {op. cit.,
T. XXVL, fig. 93, ahl°). This head appears to be
indicated by numerous, low rugose striations, which
extend down the dorsal surface of the distal half of
the shaft, toward the intercondylar groove. This is
immediately posterior to the scar for insertion of
the combined tendon of the latissimus dorsi and
teres major (Figs. 76A; 77, tri), (ii) M. triceps
humeralis posticus. In crocodiles, this slip originates
from the dorsolateral surface of the shaft, between
the insertions of the teres major and subcoraco-
scapularis {op. cit., T. XXVI, fig. 93, ahp°). In
Iguanodon this area is available and bears nume¬
rous low striations (BMNH R6614) suggestive of
muscular attachment. This slip is therefore tenta-
tively identified on this basis (Figs. 76A, 77 trp).
(iv) M. triceps humeralis medialis. The last of the
three humerai heads, this slip arises from the
internai edge of the humérus and wraps around
onto the ventral (flexor) surface. The curvature of
the humérus in Iguanodon seems to be moulded as
if to accommodate this muscle; however, there are
few indications of muscular insertion, so that its
presence is largely conjectural (Figs. 76B, 77 trm).
The olecranon process of the ulna is very large and
well formed in Iguanodon, indicating that the tri¬
ceps was a powerful muscle. However, this corréla¬
tion does not always hold true, since the olecranon
process in crocodiles is virtually absent, despite the
fact that the triceps is a large and powerful muscle.

Ventral Muscles of the forelimb
(a) M. pectoralis. This muscle undoubtedly origi¬
nated, as in all vertebrates, from the ventral midline
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of the chest région. In Iguanodon, this area would
have included the sternal bones and perhaps also
the anterior sternal ribs. Typically, this muscle
inserts along the proximolateral edge of the humé¬
rus, on the prominent deltopectoral crest. In Igua¬
nodon, this crest is very well-developed and toward
its distal end is thickened and bears a very rugous
raised area, which faces ventrally. This most pro-
bably represents the insertional area for the pecto-
ralis muscle, and indicates from its size that this
was one of the most powerful muscles in the fore-
limb (Figs. 76B; 77, p).

(b) M. supracoracoideus. In crocodiles, this muscle
takes its origin along the lower edge of the scapula
and continues onto the anterior and inner surface
of the coracoid; it inserts on the delto-muscle (op.
cit., T. XXVI, fig. 88 sps).
In Iguanodon, the supracoracoideus probably took
its origin from the broad depressed area beneath
the scapular spine, and along the thickened anterior
edge of the coracoid. Its insertion cannot be clearly
defined, but was probably confined to the heavily
scarred proximal part of the delto-pectoral crest,
adjacent to the presumed area of insertion of the
M. dorsalis scapulae (Figs. 75a, C; 77, sc).

(c) M. coracobrachialis. This arises from the exten-
sive latéral surface of the elongate crocodilian cora¬
coid, below the glenoid; it inserts over a broad area
on the ventral surface of the humérus, just below
the articular head (op. cit., T. XXVI, fig. 93, obb";
T. XXVII, fig. 102, cbb').
The coracoid of Iguanodon is considerably smaller
than that of the crocodile. However, the surface of
the coracoid beneath the glenoid forms a broad
depressed triangle, between the biceps ridge and
the posterior hook-like process. This surface bears
shallow, radiating striations and in all probability it
served as the site of origin for the M. coracobrachia¬
lis. It is suggested that the area of insertion of this
muscle was the broad depressed area on the ventral
surface of the humérus. There are no clearly de¬
fined markings, but this may perhaps indicate that
this was for a large fleshy muscular insertion which
would leave little tangible evidence of its presence
(Figs. 75C; 79, cb).

(d) M. biceps (coraco-antebrachialis). The biceps
muscles originates from a small area below and
anterior to the coracoid foramen in crocodiles. It
inserts in a double tendon on the proximal ends of
both radius and ulna, sharing this tendon with the
brachialis muscle [op. cit., T. XXVII, fig. 102].
On the coracoid of Iguanodon, between the areas
for origin of the supracoracoideus and coracobra¬
chialis, there is a diagonal, raised rigde. This quite
prominent feature is tentatively interpreted as the
probable area for origin of the biceps muscle. Its

insertion on the radius is however well defined, as

a small area of rugose markings on the dorsal sur¬
face of the proximal end of the shaft; an additional
tendon most probably inserted on to the adjacent
dorsal crest of the ulna (Figs. 75C; 77, bi).

(e) M. brachialis (humero-antebrachialis inferior).
In crocodiles, this muscle originates along the laté¬
ral edge of the humérus, distal to the delto-pectoral
crest. This muscle inserts, with the biceps, by a pair
of common tendons, on the proximal ends of the
radius and ulna.

Fig. 78. - (A) A restoration of some of the principal pelvic
muscles of the chick fGallusj. From romer
(1927). (B) A restoration ofsome of the principal
pelvic muscles of the crocodile. From Romer
(1923). (For abbreviations see pages 371-372.)
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In Iguanodon, the probable area of origin of the
brachialis appears to be moderately well defined
(BMNH R6614). From the deltopectoral crest, a
low ridge continues distally down the latéral edge
of the shaft. marking the latéral extent of the origin
of this muscle. Dorsal and medial to this feature,
the surface of the shaft bears low relief, faint stria-
tions, which pass up the shaft medial to the delto¬
pectoral crest. These striations are delimited
medially by another low ridge, which extends diago-
nally across the shaft proximomedially, from a junc-
tion with the former low, latéral ridge. This second
ridge serves to separate the brachials from the area
of origin of the M. triceps humeralis lateralis. The
précisé proximal extent of this muscle cannot be
determined (Fig. 76, br). The insertions of this
muscle were presumably identical to those of the
biceps (Figs. 76A; 77, br).

Discussion
From the evidence available, it would appear that
the musculature of the pectoral girdle and forelimb
of Iguanodon, as here interpreted, was of a reaso-
nably conventional archosaurian pattern — con-
forming in most details with that seen in the living
crocodile. However. it should be added that the
shoulder musculature could only be interpreted
through a comparison with the crocodile, so that
these proposed similarities may be more apparent
than real.
The primary différence between these two forms
lies in the construction of the ventral part of the
girdle. In crocodiles, the coracoid has the form of
an elongate, broad plate, expanded at each end,
and thickened along the scapular suture. Its ventro-
medial edge is bound to the médian sternum by
connective tissue and so forms a rigid brace across
the chest between the scapula and sternum. In Igua¬
nodon the coracoid, by contrast to that of croco¬
diles, is proportionately smaller and has a rounded,
saucer-shaped appearance. This was not firmly
bound to the sternum medially, since the latter is
absent, but was most probably connected to its
opposite by a flexible, cartilaginous sternal plate.
This différence in structure probably indicates that
the coracobrachial (adductor) musculature of Igua¬
nodon was less well developed than it is in croco¬
diles, since this would be expected to have dwindled
along with the coracoid, from which these muscles
originated. The significance of this différence in
girdle construction can be related to the ancestry
of the Ornithischia as a whole. At present, the
fossil evidence indicates that the most primitive
ornithischians ware small, agile bipeds, judging by
the skeletons of the known Late Triassic ornithis¬
chians: Lesothosaurus (Thulborn, 1972) and the
rather specialized contemporary Heterodontosaurus
(Santa-Luca, 1980). In these, and ail subséquent
ornithopods, the coracoids are small, saucer-shaped

and not braced against an ossified sternum. This alté¬
ration from the rigidly braced girdle seen in the more
primitive euparkeriid thecodontians (Euparkeria
Ewer, 1965) probably occurred to permit the fore¬
limb to perform the greater range of movements
which were made possible once the forelimb had
been freed of its primitive weight-supporting func-
tion. In addition, the medial bracing was no longer
necessary since the stresses across the chest created
during quadrupedal walking were no longer present.
During the évolution of the Ornithischia, several
lines appear to have reverted to quadrupedalism :
the ceratopians, stegosaurs and ankylosaurs. Theo-
retically, at least from the line of reasoning being
developed here, this reversion would present some
functional problems for these forms. The forelimbs
and girdles of these secondarily quadrupedal forms,
having, initially evolved toward a rather "free" Sys¬
tem as a resuit of the primitive condition of bipeda-
lity, would need to be reinforced secondarily so
that they could once more effectively support and
transmit the body weight. This implies a général
improvement not only in the musculature, but
also in the strength of the pectoral girdle. Indeed,
several improvements can be seen in the forelimb
of these quadrupedal forms. (i) The coracoid be-
comes proportionately much larger than in typical
ornithopods; this in all probability increased the
power and leverage of the various coraco-brachial
muscles, which are important forelimb adductors.
(ii) The coracoid and scapula show a strong ten-
dency to fuse together, unlike the ornithopods
(except Ouranosaurus), where they are persistently
separate; this fusion naturally increases the strength
of the combined scapulocoracoid to enable it to
withstand the stresses created by the various shoul¬
der muscles and also the increased thrust exerted
on the glenoid by the forelimb. This thrust must
have been considérable in all the quadrupedal
forms, since the stegosaurs and ankylosaurs bore
heavy armour and the advanced ceratopians posses-
sed an exceptionally large, heavy skull. (iii) The
usually paired sternal bones (single in some ankylo¬
saurs) are large and well developed on either side
of the ventral midline and presumably helped to
reinforce the sternal région in the absence of a true
sternum, as well as providing origin for the power-
ful pectoral muscle. In ornithopods the sternal
bones, although present, are usually not very large
structures, (iv) The forelimb, especially the humé¬
rus, became very massive and developed a huge
delto-pectoral crest. This not only increased the
strength of the forelimb, but also allowed for inser¬
tion of the larger, more powerful, shoulder muscles.
In ornithopods the humérus in particular is much
more slender in appearance, and is clearly not as
well adapted for weight support.
In Iguanodon, the forelimb and pectoral girdle are
clearly not as specialized for weight support as they
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are in the obligate quadrupedal ornithischians.
More especially, the coracoid is not much larger
than in most ornithopods, and there is no fusion
between the scapula and coracoid, even in the
largest specimens of I. bernissartensis. However,
despite this, there is osteological evidence which
indicates that I. bernissartensis, in particular, was
able to assume a quadrupedal stance and walk in
that manner; indeed adult individuals may well
have been obliged to do so. Evidently then, the
musculature and construction of the shoulder

région of Iguanodon was sufficiënt to permit limited
quadrupedal walking. But I suspect that the coraco-
brachial musculature was rather weak, since the
coracoid was quite small, and that in conjunction
with this, the ventromedial (sternal) portion of the
girdle was also weak; the latter factor has resulted
in the appearance of the apparently pathological
formation of an "intersternal ossification" in large
adult individuals. This is most readily explicable as
an adaptation for counteracting the stresses across
the sternal area, which are produced when walking
quadrupedally (Norman, 1980).

the musculature of the pelvic girdle

and hindlimb

the pelvis of any ornithischian dinosaur was first
considered. In this, and a subséquent paper (dol-
lo, 1883, 1888a) the significance of the prominent
4th trochanter of the femur of Iguanodon, and its
relationship to the caudifemoral musculature were
discussed. Subsequently, several other papers dealt,
rather briefly, with the structure and musculature
of the dinosaurian pelvis (Abel, 1922, 1927; Heil-
mann, 1926; Von Huene, 1907; Nopsca, 1918).
Several important papers by Romer were directly
or indirectly involved with various aspects of the
musculature of the pelvis of dinosaurs. These in-
cluded descriptions of the pelvic musculature of the
crocodile (Romer, 1923), saurischian dinosaurs
(Romer, 1923a) and later (Romer, 1927) on the
development of the thigh musculature of the chick.
As a resuit of the information gained from these
papers, romer was able to produce a rational
interprétation of the musculature in ornithischian
pelves (Romer, 1927a); in particular, he provided
very useful detailed "dissections" of the restored
musculature of the pelvis of the ornithopod Thesce-
losaurus (op. cit., figs. 15-18).
Since this classic work, the pelvic musculature of
the ceratopian Chasmosaurus and the hadrosaur

The structure of the pelvic girdle and hindlimb of
Iguanodon is similar to that of most ornithopod
dinosaurs. It was in 1883 that the musculature of

Fig. 79.-I. atherfieldensis. Areas of muscle insertion on
the femur. (A) anterior (dorsal), (B) medial, (C)
posterior (ventral), (D) latéral. (For abbrevia-
tions see pages 371-372).
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Anatosaurus have been described briefly by Rus-
sell (1935) and Lull and Wright (1942) respec-
tively; both of these accounts added little, since
they followed romer's original interprétations.
Much more recently, excellent newly prepared
material of Hypsilophodon has permitted galton
(1969) to reconstruct the pelvic musculature of this
small ornithopod in remarkable detail. In doing so,
he has provided a review of the original conclusions
of Romer on the very similar ornithopod Thescelo-
saurus. While for the most part Galton followed
closely Romer's original restorations, several
modifications were made regarding some muscle
insertions, and the novel suggestion was made that
the ornithischian anterior pubic process not only
provided support for the latéral abdominal muscu¬
lature, but that it also anchored some fémoral pro-
tractors. Along with this new proposai, the ornitho¬
pod abdomen was envisaged as an elongate, deep
structure hanging between the legs, thereby aiding
balance about the hips in these bipedal forms.
As had already been noted, the pelvic girdle of
Iguanodon is, in most of its characters, similar to
that of Thescelosaurus and Hypsilophodon, and its
musculature can be derived quite readily from these
more anatomically primitive forms. The reconstruc¬
tion of the musculature of Iguanodon follows that
used by Romer. It has been derived from that of
its two closest living relatives, the crocodiles and
birds: the former are classified as archosaurs, as
are the dinosaurs, while the latter are very probably
derived from theropod dinosaurs (ostrom, 1976;
Thulborn and Hamley, 1981).
The following classification of pelvic muscles has
been taken from Romer (1927a).
Axial Muscles
A. Dorsal : M. dorsalis trunci and caudae
B. Ventral: M. obliquus abdominis internus, and

externus

M. transversus abdominis
M. rectus abdominis
M. ilio-caudalis
M. ischio-caudalis

Appendicular Muscles
A. Dorsal:

(i) To the lower leg:
M. triceps femoris - M. ilio-tibialis

(Including M. sartorius of birds),
M. ambiens, M. femoro-tibialis

M. ilio-fibularis

(ii) To the fémur:
M. pubo-ischio-femoralis internus (M. ilio-

femoralis internus (?) M. ilio-
trochantericus II and III of birds)

M. ilio-femoralis (M. ilio-femoralis
externus, M. ilio-trochantericus I of
birds)

B. Ventral:

(i) To the lower leg:
M. pubo-tibialis

M. pubo-ischio-tibialis
M. flexor tibialis externus (M. caudo-ilio-

flexorius of birds)
M. flexortibialis internus (M. ischio-

flexorus of birds)
(ii) To the fémur:

M. caudifemoralis longus and brevis
(M. caudo-ilio-femoralis of birds)

M. adductor femoralis (M. pubo-ischio-
femoralis of birds)

M. pubo-ischio-femoralis externus
(M. obturator internus of birds)

M. ischio-trochantericus (M. ischio-
femoralis of birds).

The studies of both Romer and Galton have been
used as the basis for interpreting the surface
markings on several specimens of Iguanodon.
These include ilia: BMNH R5764, R6462; pubes:
BMNH R6460, R6463, R5764; IRSNB 1551; ischia:
BMNH 2169, IRSNB 1551 (and others, unregis-
tered); and femora: BMNH R5764, R6611.

Axial musculature

(a) M. dorsalis trunci and caudae. Typically, these
dorsal muscles run down either side of the vertébral
column, above the transverse processes and caudal
ribs. Both of these blocks of muscle have areas of
insertion along the medial surface of the ilium in
ail reptiles. In only birds, and perhaps ankylosaurs,
are the M. dorsalis trunci and caudae completely
separated by the ilia.
In Iguanodon, the M. dorsalis trunci probably in-
serted along the medial surface of the anterior pro¬
cess of the ilium (fig. 80, d. trunci); in several spe¬
cimens, this area above the medial shelf bears
numerous longitudinal striations which suggest such
an insertion. The M. dorsalis caudae likewise pro¬
bably originated from the broad, obliquely inclined,
medial surface of the posterior half of the ilium,
since this area bears a fine radiating pattern of low
striations (Fig. 80, d. caudae).

(b) The ventral axial muscles. The complex mesh
formed by the oblique and transverse latéral abdo¬
minal muscles, present in crocodiles and birds,
cannot be identified with any certainty in Iguano¬
don. In recent reptiles and birds they, for the most
part, arise from sheets of connective tissue and
muscles bordering the abdominal cavity and thus
leave little evidence of their presence on the skele-
ton. The only evidence which might indicate the
presence of these muscles in Iguanodon is to be
found along the ventral edge of the anterior pubic
process: this is sharp-edged and bears surface
markings on the medial and latéral surfaces which
can be most readily explained as areas for insertion
of these muscles (Fig. 80, lat. abd). In Hypsilo¬
phodon, Galton (1969) found evidence which
suggested that the latéral abdominal muscles in-
serted along the ventral edge of the anterior pubic
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Fig. 80.-I. atherfieldensis. Restoration of the Unes of
action of the principal pelvic muscles. (For abbre-
viations see pages 371-372).

and posterior pubic processes. It would seem logical
that a similar arrangement existed in Iguanodon, in
order to support the undoubtedly bulky abdomen.
If, as seems likely, this was the case, then these
muscles would have transferred their origins from
the distal end of the posterior pubic rod on to the
adjacent ischium, which is considerably longer and
more robust.
The M. rectus abdominis is a very large médian
sheet of muscle, which in reptiles originates from
the posterior edge of the sternal plate and the distal
ends of the thoracic ribs. It inserts along the poste¬
rior edge of the pubis and the surface of the M.
ischio-caudalis. In birds, this muscle has a similar
disposition, arising along the posterior margin of
the sternum and inserting on the distal ends of the
pubes and the interpubic ligament (George and
berger, 1966). In Iguanodon, although the origins
of this muscle are uncertain from the evidence

available, it seems likely that a similar muscle was
present, and arose from the anterior sternal région,
lts insertion would have been on the large distal
foot of the ischium (Fig. 80, r. abd); the post-pubic
rod was considerably shorter than the ischium and
was in any case far too slender to have supported
what must have been a very long and powerful
muscle.
The M. ilio-caudalis arises from part of the postero-
dorsal edge of the ilium in crocodiles, and inserts
on the undersides of the caudal ribs and centre of
the anterior caudal vertebrae. The situation was

probably very similar in Iguanodon (Fig. 80, il. c),
since the hind end of the ilium is thickened and

B. Romer, 1923

rugose, and the anterior caudal ribs are noticeably
broad, with rugose dorsal and ventral surfaces
(IRSNB 1561).
The M. ischio-caudalis arises from the postero-
external angle of the ischium in crocodiles, and
inserts on the distal ends of the chevrons. In Igua¬
nodon, the corresponding muscle probably arose
from the distal, footed end of the ischial symphysis
and likewise inserted on the distal ends of the
chevrons.

Appendicular Musculature: Dorsal
(a) M. triceps femoris. Collectively, this group of
muscles form the major extensor of the lower leg.
The group consists of three muscles, (i) M. ilio-
tibialis. This originates along the dorsal margin of
the ilium, and is divided into three parts in croco¬
diles and birds (Romer, 1927). These ail insert, via
a common patellar tendon, on to the cnemial crest

Pelvic and limb mucles of: (A) Flypsilophodon
(after Galton, 1969), (B) crocodile fémur (after
Romer, 1923), (C) crocodile fémur (after Gal¬
ton, 1969), (D) Hypsilophodon fémur (after
Galton, 1975).

Fig. 81.-

c. Galton,1969
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of the tibia. In Iguanodon, the dorsal margin of the
ilium bears a very prominent longitudinal scarred
edge, which is interpreted as the main area of origin
of this muscle. On the anterior process, there is an
area which was most probably for a separate por¬
tion, the M. ilio-tibialis I (equivalent to the "sarto-
rius" of birds - Fig. 80 il. tib. 1); this is separated
from the main body of the ilio-tibialis (the M. ilio-
tibialis II - Fig. 80, il. tib 2) by a line running dia-
gonally across the anterior process. A very similar
arrangement was first noted in Thescelosaurus and
hadrosaurs by Romer (1927). (ii) M. ambiens. As
Romer was able to show, this muscle always origi-
nates from the proximal preacetabular région of
the pubis. Indeed Romer (1927a, fig. 9) illustrated
the pubis of a specimen of Iguanodon (BMNH
2194) which showed such an area bearing rugose
markings as if for origin of this muscle. This muscle
would have inserted on the cnemial crest of the
tibia (Fig. 80, amb). The presence of an ambiens
tendon that crossed the distal end of the femur, to
insert on the external head of M. gastrocnemius,
has been proposed by both Romer and Galton,
since this tendon is present in both crocodiles and
birds. (iii) M. femoro-tibialis. In crocodiles and
birds this muscle tends to develop a number of
heads, filling all the available space on the femur.
Romer (op. cit.) identified three possible areas of
origin for this muscle in Thescelosaurus, and an
exactly similar situation was described by galton
for Hypsilophodon. In the latter the origins of the
three heads of this muscle were described and for-

mally identified as M. femoro-tibialis 1, 2 and 3:
equivalent in position to M. femoro-tibialis (Vastus)
lateralis, M. femoro-tibialis (Vastus) medialis, and
M. femor-tibialis (Vastus) internus respectively, in
birds (cracraft, 1976; owre, 1967). In Iguano¬
don, a more or less similar arrangement seems to
have been present; areas for the origin of at least
two of the three heads of this muscle have been

tentatively identified. M. femor-tibialis seems to
have originated from a heavily scarred area on the
latéral surface of the femur (Fig. 79, ext) — in an
almost exactly similar position to that of the M.
femoro-tibialis externus in crocodiles (Romer,
1923). This origin is particularly well shown on
BMNH R6610, as a heavily scarred, slightly depres-
sed, elongate area on the latéral surface of the
shaft. Anterior (dorsal) to this, there is a smoother
area of the shaft, which was probably occupied by
a portion of the M. ilio-femoralis externus. M.
femoro-tibialis 2 covers the majority of the antero-
medial surface of the fémoral shaft, and is bounded
laterally by a prominent diagonal ridge, which runs
across the length of the shaft, from the base of the
lesser trochanter to the medial (tibial) condyle (Fig.
79 A, B, int). It was presumably limited medially
by the 4th trochanter and associated structures. M.
femoro-tibialis 3 cannot be identified with any

certainty in Iguanodon, but probably occupied the
posteromedial area of the shaft, beneath the 4th
trochanter; in all probability, these last two divi¬
sions (M. femoro-tibialis 2 and 3) formed a single
muscle, equivalent to the crocodilian M. femoro-
tibialis internus.
In summary, from the surface markings on the
femur of Iguanodon it would seem that the M.
femoro-tibialis had a "crocodilian" rather than an

"avian" construction as has been suggested in the
more primitive forms Thescelosaurus and Hypsilo¬
phodon.

(b) M. ilio-fibularis. This muscle was only tentati¬
vely identified in both Thescelosaurus and Hypsilo¬
phodon, since no clear indication of a muscular
origin is preserved. However Lull and Wright
(1942) proposed an origin on the ilia of hadrosaurs,
immediately behind the "antitrochanter", and both
Thescelosaurus and Hypsilophodon (galton,
1969) were restored with this muscle in an homolo-
gous position. In Iguanodon, as with the latter
forms, there is no clear site or origin of this muscle,
and its origin is placed by default on the postero-
lateral corner of the iliac blade (Fig. 80, il. fib.).
This muscle would have inserted on the latéral sur¬

face of the proximal end of the fibula.

(c) M. pubo-ischio-femoralis internus. In croco¬
diles, this muscle consists of two parts, the M. pubo-
ischio-femoralis internus 1 and 2. The former arises
from the medial surface of the ilium and the ventral
surfaces of the sacral ribs (Romer, 1923: pl. XX,
fig. 2; pl. XXIV, fig. 2). From this origin it wraps
around the anterior edge of the ilio-pubis to insert
on the medial side of the shaft of the femur, adja¬
cent to the area for insertion of the M. caudi-femo-
ralis longus (op. cit., pl. XXV). In birds, what
appears to be the homologous muscle — M. ilio-
femoralis internus — arises from the anteroventral

edge of the ilium and inserts on the medial surface
of the shaft of the femur below the head (Fig. 78A,
if. int). In both these instances, these muscles serve
to protract the femur.
The second part of this muscle, the M. pubo-ischio-
femoralis internus 2, arises in crocodiles from the
ventral surface of the transverse processes of the
posterior dorsal vertebrae and passes diagonally
backward and downward to insert at two sites on

the latéral surface of the proximal end of femur
(Romer, 1923: pl. XX, fig. 1; pl. XXV). In birds
the homologue of this muscle is less obvious. I
consider it most probable that it is the avian ilio-
trochanterici 2 and 3 (Romer, 1927). These mus¬
cles arise from the anteroventral margin of the
ilium, above and forward of the M. ilio-femoralis
internus, and insert via a common tendon on the
proximal end of the shaft of the femur (Fig. 78, il.
tr. 2, 3). However, this homology is doubtful, since
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the reptilian muscle serves to protract the femur,
while the avian muscles retract the femur — since
the latter insert above the axis of rotation of the
fémoral head.

Discussion
Both Romer (1927a) and Galton (1969) consi-
dered the presence of the M. pubo-ischio-femoralis
internus (M. ilio-femoralis internus) in Thescelo-
saurus and Hypsilophodon respectively, and came
to slightly different conclusions. Romer concluded
that in Thescelosaurus, the avian muscle M. Ilio-
femoralis internus was present. This muscle, he pro-
posed, had an origin similar to that of the croco-
dilian M. pubo-ischio-femoralis internus 2 i.e. from
the transverse processes of the posterior dorsal ver-
tebrae; however its insertion was placed on the
greater trochanter. In this position, this muscle,
must have changed from a fémoral protractor to a
retractor. This is a rather fundamental change for
a typical reptilian and avian fémoral protractor,
and therefore seems at least questionable from a
functional point of view.
Galton (1969) in his re-interpretation of this mus¬
culature came to rather similar conclusions to

romer. However, the better preserved material of
Hypsilophodon allowed additional conclusions to
be drawn. The latéral surface of the greater tro¬
chanter of the femur in Hypsilophodon has two
quite distinct muscle insertions, separated by a
sinuous vertical ridge. Initially {op. cit., p. 17) he
concluded that the "M. pubo-ischio-femoralis inter¬
nus 1", inserted on the posterior of these two areas,
however, later {op. cit., p. 37, fig. 1, 4, 9) this
insertion was transferred to the anterior surface
on the greater trochanter — in agreement with
Romer's original restorations. In addition, GAL¬
ton suggested that, since this muscle ran from its
origin on the posterior dorsal vertebrae, over the
anterior pubic process and on to the greater tro¬
chanter, it was reasonable to suppose that a ventral
slip, the "M. pubo-ischio-femoralis internus 2"
gained an origin from the latéral surface of the
anterior pubic process and inserted farther down
the shaft, below the head of the femur. The pre¬
sence of this latter slip, and/or the M. pubo-tibialis,
explained the prominent surface markings on the
latéral surface of the anterior pubic process in
Hypsilophodon. Later. Galton (1975) appears to
have altered his opinions concerning the insertion
of the main body of the M. pubo-ischio-femoralis
internus. This he transferred to the lesser trochan¬
ter of the femur (Fig. 81, D); unfortunately the
reasons for this change were not explained.
The restoration of the main body of the M. pubo-
ischio-femoralis internus inserting on either the
lesser or greater trochanter presents the same func¬
tional problems noted above in Romer's restora¬
tion. In addition, the nomenclature used by GAL¬

ton (1969) is rather confusing. The main portion
of this muscle, as restored by Galton, arose from
the centra of the posterior dorsal vertebrae and
inserted on the greater trochanter. This corres¬
ponds very closely with the M. pubo-ischio-femo¬
ralis internus 2 of crocodiles. However this muscle
was described as the M. pubo-ischio-femoralis
internus 2, but this was given an insertion which is
more typical of the M. pubo-ischio-femoralis inter¬
nus 1 of crocodiles (M. ilio-femoralis internus of
birds). Indeed, Romer's and Galton's nomen¬
clature are obviously at variance, even though gal¬
ton used Romer's original accounts (compare
Figs. 81B, C). Clearly then, the published accounts
of the structure of the M. pubo-ischio-femoralis
internus do not provide a completely unambiguous
account of this important muscle complex.
One of the most immédiate problems concerning
this muscle in ornithischians is the obviously funda¬
mental change in function that is proposed: from
protracting the femur in crocodiles and birds, to
that of retracting the femur in ornithischians. In
this connection, there are two small muscles present
in the avian pelvis which have not so far been con-
sidered in any muscular restorations. These are two
heads of the M. ilio-trochantericus, II and III. In
birds, they arise from the anteroventral edge of the
ilium and insert together on the anteroexternal cor¬
ner of the greater trochanter of the femur (Fig.
78A). These muscles have a very similar line of
action to that of the "M. pubo-ischio-femoralis
internus 1" of Galton and the "M. ilio-femoralis
internus" of Romer, as they would likewise have
retracted the femur. I therefore consider it possible
that in the ornithischian pelvis, the muscle(s) which
arose from the ventral surfaces of the transverse

processes of the posterior dorsal vertebrae, and
inserted on the greater trochanter of the femur were
more functionally homologous with the M. ilio-tro-
chantericus (pars II and III) of the avian pelvis,
than with any other crocodilian or avian muscle.
As romer pointed out (1923b), the ilia of orni¬
thischians and birds differ in that the pre-acetabular
extension is formed by the dorsal spine alone in the
former, while in the latter it involves the entire
front edge of the blade. According to romer, this
différence was a resuit of the ventral expansion of
the dorsal spine of the avian ilium. However, this
hypothesis seems less parsimonius, in view of the
apparent theropod origin of birds (Ostrom, 1976).
Thus in ornithischians dinosaurs, the area of the
iliac blade normally occupied by the heads of the
ilio-trochanterici is absent, so that an origin of these
heads more anteromedially, from the sides of the
posterior dorsal vertebrae, or ventral surface of the
anterior process, seems most probable.
There still remains the question of whether or not
a portion of the true fémoral protractor part of
the M. pubo-ischio-femoralis internus remained.
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A thorough search through the collections of the
British Museum (Nat. Hist.) has failed to reveal
any femora which show obvious areas for insertion
an equivalent of the crocodilian M. pubo-ischio-
femoralis internus 2. However, it does seem likely
that a slip, equivalent to the M. pubo-ischio-femo-
ralis internus 1 (M. ilio-femoralis internus of birds)
was indeed present. In crocodiles, this muscle
inserts on the medial surface of the shaft of the
fémur, adjacent to the large dépression for the ten¬
don of the M. caudi-femoralis longus (Fig. 81B); it
has a similar insertion on the medial side of the
shaft of the fémur in birds. In Iguanodon, this area
of insertion is well-defined and lies on the medial
side of the shaft of the fémur, at the base of the
prominent 4th trochanter (Fig. 79B, pifi 1). The
adjacent area on the medial surface of this trochan¬
ter was for insertion of the M. caudi-femoralis

longus — as in crocodiles. The surface markings on
this area of insertion are predominantly diagonal,
in an anterodorsal direction (toward the anterior
pubic process). The origin of this muscle is not
clearly marked in Iguanodon, but can be deduced
with a reasonable degree of confidence. In croco¬
diles, this muscle arises from the medial (internai)
surface of the ilium, and wraps around the anterior
edge of the pelvic blade, before descending steeply
to its fémoral insertion. In birds, this muscle (M.
ilio-femoralis internus) arises from the proximal
area of the ventral surface of the pre-acetabular
blade, close to the M. ambiens origin. In orni-
thischians (Hypsilophodon) galton demonstrated
that the latéral surface of the anterior pubic process
bore prominent surface markings, suggestive of
muscle insertion; these, he suggested, could have
been for either a ventral slip of the M. pubo-ischio-
femoralis internus ("1") or alternatively for the M.
pubo-tibialis. As the M. pubo-tibialis is absent in
both birds and crocodilians, its presence would
seem to be improbable in ornithischian dinosaurs
— the implication being that this muscle was absent
in the archosaurs generally. It is suggested that a
portion of the M. pubo-ischio-femoralis internus
took its origin from the latéral surface of the ante¬
rior pubic process. In Iguanodon, the latéral surface
of the anterior pubic process bears numerous ra-
diating striations, which could seem to indicate the
origin of such a muscle (Fig. 80 pifi. 1). This muscle
is very favourably placed as a fémoral protractor,
and would greatly augment the action of the M.
ilio-tibialis 1 and the M. ilio-femoralis externus, the
only other significant fémoral protractors.
Apart from the areas for origin of the M. ambiens
and the M. pubo-ischio-femoralis internus on the
anterior pubic process of Iguanodon, there also
appears to be another area on the dorsomedial edge
of this process; this is especially well shown on two
pubes (BMNH R6460, R6463). This muscle, which
may have been a ventral slip of the M. Ilio-trochan-

tericus II and III or (less probably) a slip of the M.
pubo-ischio-femoralis internus, wrapped around
the embayed dorsal margin of the anterior pubic
process and passed backwards to insert on the
greater trochanter (Fig. 80, v. si). From such a
position, this proposed slip would have been able
to exert a turning couple to retract the fémur that
would have been more effective than that of the
dorsal part of this muscle, especially when the
fémur was fully protracted.

(d) M. ilio-femoralis. Romer (1927a) proposed
that ornithopods possessed the avian subdivisions
of this muscle: an anterior portion, the M. ilio-
trochantericus 1, and a posterior portion, the M.
ilio-femoralis externus. On the basis of romer's
work, Galton proposed a similar arrangement in
the pelvis of Hypsilophodon. (i) M. ilio-trochante-
ricus 1. This muscle arose, as in Thescelosaurus,
from the latéral surface of the ilium, anterior to the
area occupied by the M. ilio-femoralis externus.
On the basis of Romer's work. Galton proposed
a similar arrangement in the pelvis of Hypsilopho¬
don. (i) M. ilio-trochantericus 1. This muscle arose,
as in Thescelosaurus, from the latéral surface of the
ilium, anterior to the area occupied by the M. ilio-
femoralis externus. In Iguanodon, this muscle arose
from a slightly depressed area beneath the thicken-
ed dorsal edge of the ilium. This area extends back¬
wards to above the middle of the acetabulum, and
forwards along the anterior process; it is quite well
demarcated on an ilium (BMNH R6462, Fig. 80,
il. tr. 1). The area of insertion of this muscle is
uncertain but, judging by the situation in birds (Fig.
78A), it was probably on the latéral surface of the
greater trochanter, posterior to the lesser trochan¬
ter (Fig. 79D). In several femora this surface is
heavily marked by a fan-like arrangement of stria¬
tions, which spread out toward the dorsal edge of
the greater trochanter from a pit-like dépression,
adjacent to the base of the lesser trochanter. (ii)
M. ilio-femoralis externus. romer deduced that
this muscle probably originated from the "anti-
trochanter", a prominent swollen boss on the latéral
surface of the ilium in hadrosaurs. Consequently,
he restored this muscle as originating from an
homologous area on the ilium of Thescelosaurus;
he suggested that its insertion was on the lesser
trochanter of the fémur. The reasons for this are

unclear, as Romer (1927a) suggested that this
insertion on the lesser trochanter correspond to that
in saurischians (romer, 1923a). However, in his
work on saurischians, the M. ilio-femoralis was
reconstructed inserting, as in crocodiles, on the
anteroexternal surface of the fémoral shaft, and the
M. pubo-ischio-femoralis internus 2 was inserted
on the lesser trochanter (op. cit., figs. 5, 6). In
birds, the M. ilio-femoralis externus arises from the
ilium above and slightly posterior to the acetabulum,
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and inserts on the posteroexternal surface of the
greater trochanter (romer, 1927, fig. 5a).
In Iguanodon, the arrangement of this muscle is by
no means clear. It probably arose from the iliac
blade, above and behind the acetabulum, as in both
crocodiles and birds. As Romer suggested, the
muscle most probably inserted on the lesser tro¬
chanter of the femur (Fig. 80, if; Fig. 79, A, D).
There are two main reasons for this proposition.
Firstly, the striations on the surface of the lesser
trochanter are directed towards the presumed area
of insertion of this muscle, and may indeed reflect
the primary line of action of this muscle. Secondly,
such an insertion may help to explain the develop-
ment of the lesser trochanter in dinosaurs. The
lesser trochanter arises from the anteroexternal sur¬

face of the femur, and in most cases terminâtes at
a level slightly below that of the greater trochanter.
The M. ilio-femoralis externus seems to be the only
muscle that can possibly gain on advantage from this
arrangement. In this case, the lesser trochanter in-
creases the moment of the force which this muscle
can exert to protract the femur. The formation of this
process may well have been essential in the early
ornithischians which, because the anterior pubic
process was very short (Charig, 1972; Santa-
Luca, 1980) and clearly lacked the principal pubic
fémoral protrators; they must have relied on the M.
ilio-tibialis 1, and the rather mechanically inefficient
M. pubo-femoralis internus 1, which was wrapped
around the rudimentary anterior pubic process. This
could explain the great development of the lesser
trochanter in forms such as Lesothosaurus (Thul-
born, 1972), and Heterodontosaurus (santa-
LüCA, 1980) and its graduai diminution in the Orni¬
thopoda culminating with the hadrosaurs, in which
the lesser trochanter is much thinner and splint like.
In these latter forms, protraction was presumably
greatly augmented by the musculature of the hyper-
trophied anterior pubic process.
In addition to the insertion of this muscle on the
lesser trochanter there is a very well defined muscle
scar on the latéral surface of the fémoral shaft,
directly beneath the lesser trochanter. At first this
area was supposed to be for a head of the femor-
tibial complex. Flowever, its position on the shaft,
separating the two principal (internai and external)
heads of the femoro-tibialis — as in crocodiles —

and its unusually strong development, suggested
otherwise. This area may have provided for inser¬
tion of another portion of the M. ilio-femoralis
externus, which corresponded very closely with that
for the m. ilio-femoralis in crocodiles (romer,
1923).

Appendicular Musculature: Ventral
(a) M. pubo-tibialis. Since this muscle is absent in
both crocodiles and birds, it seems probable that it
is absent in ail archosaurs.

(b) M. pubo-ischio-tibialis. This muscle is reduced
to a slip in crocodiles, and is lost in birds, as was
probably the case in ornithischians.

(c) M. flexor tibialis internus. In crocodilians there
are three heads to this muscle; on the medial sur¬

face of the posteroventral corner of the ischium, on
the ventral margin of the acetabulum, and on the
posterior corner of the ilium. These insert via a
double tendon on the proximal end of the tibia and
external head of the M. gastrocnemius. The M.
ischio-flexorius is the only part present in birds
originating near the middle of the latéral surface of
the ischium. Romer proposed a typically avian
arrangement in Thescelosaurus\ this muscle, it was
suggested, originated from a small projection on
the dorsolateral surface of the ischium. No indica¬
tion of an homologous projection could be found
on any ischia of Iguanodon.

(d) M. flexor-tibialis externus. This muscle arises
from the posterior corner of the ilium in crocodiles,
and from the caudal vertebrae in avians — as the
M. caudo-ilio-flexorius. It inserts on the medial sur¬

face of the head of the tibia. This muscle, identified
as the M. ilio-flexorius, was restored by Romer in
Thescelosaurus but its area of origin cannot be iden¬
tified in Iguanodon.

(e) M. caudi-femoralis longus. This muscle pro¬
bably originated from the sides and ventral surfaces
of the anterior caudal vertebrae, as it does in croco¬
diles; in these forms, it inserted by a thick tendon on
to the medial surface of the fémoral trochanter. This
tendon is connected to the head of the fibula by a thin
tendon present also in birds and lizards. In Iguano¬
don, the 4th trochanter of the femur is very large and
of the crested type. Its medial surface is very rugose
and corresponds to the area of insertion of this large
muscle in crocodiles (Figs. 79B; 80c-f. lo). This area
is therefore identified as the area of insertion of the
M. caudi-femoralis longus; it is bounded antero-
medially by the probable area for insertion of the
M. pubo-ischio-femoralis internus 1.

(f) M. caudi-femoralis brevis. In crocodiles, this
muscle arises mainly from the posteroventral sur¬
face of the ilium, and inserts along the elevated
surface of the fémoral trochanter, adjacent to the
dépression for the M. caudi-femoralis longus. In
Iguanodon, as was suggested for Hypsilophodon by
Galton (1969), this muscle arose from the brevis
shelf and adjacent ventral surfaces of the sacral
ribs. It inserted along the elevated crest of the 4th
trochanter of the femur (Figs. 79C; 80, c-f. br). As
pointed out by Galton, the elevated 4th trochan¬
ter improved the leverage exerted by the M. caudi-
femoralis brevis during the initial phases of fémoral
retraction {op. cit., p. 41).
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(g) M. adductor femoralis. This muscle has two
heads, that originate on the outer surface of the
ischium and insert on the ventral surface of the
fémur in crocodiles. Romer (1927a) restored Thes-
celosaurus with two heads of this muscle on the
shaft of the ischium. In Iguanodon, there is a very
well marked area on the latéral surface of the shaft
of the ischium. This appears to have been the area
of origin of a large single-headed M. adductor
femoralis. Its area of insertion is not clearly defined
but was probably on the distal ventral (posterior)
surface of the shaft of the femus, below the 4th
trochanter (Figs. 79C; 80, add).

(h) M. pubo-ischio-femoralis externus. This muscle
in ornithischians is probably more correctly equiva¬
lent to the M. obturator internus of birds. Both
Romer and Galton identified this muscle as

arising from the adjacent areas of, and ligaments
between, the posterior pubic rod and ischial shaft,
in Thescelosaurus and Hypsilophodon. In Iguano¬
don, the posterior pubic rod had undergone sub-
stantial réduction compared to those of hypsilopho-
dontids and this probably reflects a similar decrease
in size of this muscle. It is conceivable that this
muscle simply transferred its origin to the ischium
distally, but no muscle scars have been discovered
which prove that such was the case.

(i) M. ischio-trochantericus. This is a relatively
small muscle in crocodiles, which arises from the

posteromedial surface of the ischium. Its insertion
is by a tendon on the outer dorsal edge of the
fémur, close to its head. In birds, this muscle origi-
nates from the latéral surface of the ischium, but
has a similar insertion to the crocodile. In Iguano¬
don, this muscle probably arose from the posterior
edge of the shaft of the ischium behind a low ridge
marking the posterior limit of the M. adductor
femorais. It probably inserted in the usual position
on the posterior (ventral) edge of the freater tro¬
chanter of the fémur (Figs. 79C; 80, is. tr).

Additional comments

(a) M. pubo-ischio-femoralis internus. galton's
(1975) restoration of the fémoral muscles of Hypsi¬
lophodon (Fig. 81D), showed the M. pubo-ischio-
femoralis internus inserting upon the lesser trochan¬
ter. Unfortunately, no reasons for the change (from
an insertion on the greater trochanter) were given,
but I think there are two considérations which sug-
gest that this new restoration is unlikely. Firstly,
there seems to be no functional advantage in this
change; the lesser trochanter is at the same level
as, or slightly lower than, the greater trochanter;
therefore no extra leverage would have resulted
from this new position. Secondly, the surface
markings on the lesser trochanter are orientated

posterodorsally, toward the dorsal margin of the
iliac blade, in ail ornithopod femora so far seen;
this seems to be a fair — albeit not conclusive —

indication of the direction of the principal line of
action of the muscle inserting on this process (the
M. ilio-femoralis externus).

(b) Muscles associated with the 4th trochanter.
dollo (1883, 1888a) first demonstrated that the
4th trochanter of the fémur in Iguanodon was the
area for insertion of the caudi-femoral muscles.
This was agreed by romer (1927a), and not until
Janensch (1955) was any more considération given
to this particular structure. janensch {op. cit.)
noted that in the ornithopod Dysalotosaurus the
4the trochanter possessed, near its base, a promi¬
nent concave dépression. This, he suggested, was
too large to have been for a muscle insertion and
he proposed that it housed a mucous gland. How-
ever, Janensch did point out that this dépression,
which was dorsal to the 4th trochanter in Dysaloto¬
saurus, corresponds quite closely with a small elon-
gate dépression, adjacent to the dépression which
accommodâtes the M. caudi-femoralis longus on
the crocodilian fémur (see Fig. 81B). This smaller
area was occupied by the M. pubo-ischio-femoralis
internus 1, and janensch suggested that the pro¬
minent dépression may have accommodated this
muscle in Dysalotosaurus. galton (1969) recon-
sidered the previous interprétations of the probable
function of the 4th trochanter and its associated
structures in Hypsilophodon and other ornitho-
pods. He rejected Janensch's mucous gland inter¬
prétation because the dépression which was sup-
posed to have housed the gland was strongly mark¬
ed by muscle scars and concluded that this dépres¬
sion was for insertion of a large tendon of the
powerful M. caudi-femoralis Longus, instead of the
M. pubo-ischio-femoralis. Janensch's primary
reason for suggesting that the latter muscle inserted
on this area was that it was so widely separated
from the 4th trochanter in Dysalotosaurus. How-
ever, Galton considered that the unusual position
of this dépression in Dysalotosaurus and Dryo-
saurus was "secondary" and that it was equivalent
to the large dépression at the base of the 4th tro¬
chanter in crocodilians.
In view of the proposai above that the M. pubo-
ischio-femoralis internus 1 was well developed and
inserted along the anterior edge of the dépression
at the base of the 4th trochanter in Iguanodon, this
area was reinvestigated in Hypsilophodon and
Dysalotosaurus.
In Hypsilophodon, the 4th trochanter and asso¬
ciated structures are well preserved in one particu¬
lar specimen, BMNH R193 (Galton, 1969, figs.
8, 9, 10). On the latéral surface of the large, pen¬
dent, 4th trochanter there is a very clearly defined
area of insertion which was most probably for the
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M. caudi-femoralis brevis. This area is separated, as
in Iguanodon, by a sharp, sinuous edge, from the
medial surface. Towards the tip of the trochanter,
the latter bears a depressed area for a (?) gastrocne-
mial tendon. Proximal to this area, there is another
slightly raised, rugose surface; this was interpreted
as an additional area of insertion of the M. caudi-
femoralis brevis {op. cit., fig. 10, D). However, this
might equally well be interpreted as the area of
insertion of the M. caudi-femoralis longus since it
is separated from that of the M. caudi-femoralis
brevis by a sharp ridge, and it corresponds in posi¬
tion to a similar scar on the 4th trochanter of Igua¬
nodon and Dysalotosaurus. At the base of, and
anterior to, the 4th trochanter, there is a large
depressed area of scarred bone which was inter¬
preted by Galton as the area of insertion of
the M. caudi-femoralis longus. This dépression is
shaped rather like a thumbprint, and is deepest at
its ventral edge and becomes shallower dorsally.
The muscle scars do no yield any definite evidence
upon the line of action of the muscle which acted
on this area. In posterior view, the 4th trochanter
curves medially, so that this muscle scar is not
visible, indicating a curved, but by no means
impractical, path for the caudi-femoral muscle. In
proximomedial view, along the approximate path
of the M. pubo-ischio-femoralis internus 1, the
depressed muscle scar presents a large area for
insertion, bounded by the prominent ventral edge
of the dépression.
In Dysalotosaurus, the 4th trochanter and asso-
ciated areas are moderately well preserved in one
specimen BMNH R8350. Although the major part
of the distal end of the 4th trochanter is missing,
the area of insertion of the M. caudi-femoralis
brevis is discernible on the latéral surface of the
trochanteric crest, as in Hypsilophodon. The medial
surface of the 4th trochanter is better preserved and
exhibits very well developed striations and scarring.
This appears to correspond to the scarring found on
the medial surface of the 4th trochanter in Iguano¬
don and interpreted as the area of insertion of the
M. caudi-femoralis longus. Separated from the 4th
trochanter by a short interval is a very deep dépres¬
sion, which is heavily scarred. This dépression pos-
sesses a steep ventral (distal) edge and becomes
progressively shallower dorsally (proximally) as it
merges with the rounded shaft. In posterior view,
the medial edge of this dépression can be seen, and
in proximomedial view, the whole dépression can
be seen, bounded by the steep curved distal edge.
Many of the striations around the proximal edge
of the dépression radiate outwards and upwards
(proximally) from the dépression.
In conclusion, it would appear that the evidence
concerning the detailed musculature on, and
around the base of, the 4th trochanter is consistent
with that in crocodilians, the M. caudi-femoralis

brevis probably inserted on the external surface of
the distal part of the 4th trochanter. If Galton's
proposai that the 4th trochanter became a promi¬
nent structure in order to increase the lever arm of
the M. caudi-femoralis brevis during initial phases
of fémoral retraction is correct, then this muscle
would not have been expected to extend on to the
medial side of the base of the 4th trochanter in

Hypsilophodon, since its mechanical advantage
would be considerably less in this position. M.
caudi-femoralis longus probably inserted on the
medial surface of the 4th trochanter, as in crocodi¬
lians, so that these two muscles were separated by
the trochanteric crest. This certainly seems to have
been the case in Iguanodon and perhaps also in
Dysalotosaurus and Hypsilophodon. However,
there remains the problem of the dépression near
the base of the 4th trochanter. In Iguanodon, this
area bears well-developed striations which are
directed toward the anterior process, the presumed
area of origin of the M. pubo-ischio-femoralis inter¬
nus, the latter being an important ornithopod pro¬
tractor muscle. In Hypsilophodon and Dysaloto¬
saurus, the equivalent area is differentiated as a
large concave area adjacent to the 4th trochanter.
The size and définition of this dépression is sugges¬
tive of a very powerful muscle, possibly the M.
caudi-femoralis longus of Galton. However, its
orientation, shape and positioning in Dysalotosau¬
rus are suggestive of its being for the M. pubo-
ischio-femoralis internus 1. If this is correct, the
large size of this muscle scar may confirm the
importance of this muscle in fémoral protraction
and adduction.

(c) The functional significance of the anterior pubic
process. It also seems necessary to pass a few com-
ments on the évolution and functional significance
of the ornithischian anterior pubic process. charig
(1972) very perceptively proposed that the orni¬
thischian pubis had undergone a backward rotation
in response to a change in limb posture, which took
place among early archosaurs: from the "semi-
erect" condition, shown by living crocodilians when
walking, to the "fully-erect" state, with the limbs
held vertically beneath the body (as seen in some
advanced thecodontians, all dinosaurs and birds).
The conséquence of this change in posture of the
hind limb, it was suggested, was that the typically
anteroventrally directed pubis was unable to act as
an origin for effective pubic hind limb protractor
muscles. This "problem" was solved in several
ways: (i) by the development of bipedality in thero-
pod saurischian forms, thereby swinging the pubis
forwards and upwards into a more mechanically
favourable position; (ii) by the development of a
long anterior process of the ilium in ornithischians.
This process permitted hind limb protraction to be
accomplished by an anterior division of the M. ilio-
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tibialis, as accurs in birds. As a resuit of this change,
the functionally redundant pubis swung backwards
to lie against the ischium in the typical (primitive)
ornitischian state; and (iii) by limitation of fémoral
swing in sauropodomorphs.
The primitive ornithischian condition with the
backwardly directed pubis is shown in several early
ornithischians: Lesothosaurus (thulborn, 1972)
and Heterodontosaurus (santa-luca, 1980) and
Scelidosaurus (Charig, 1972). Coupled with this
character is the presence of a long anterior process
on the ilium, and also a rudimentary anterior pubic
process. Many later ornithischians (although not
ail) developed a large anterior ramus to the pubis.
In the less anatomically specialised forms, such as
the hypsilophodontids, this ramus is narrow and
rod-like, while in the larger and more specialized
forms (iguanodontids, hadrosaurids) the process
becomes deeper and plate-like. The secondary
development of an anterior pubic ramus appears,
because of its position, to be a functional replace¬
ment for the typical reptilian pubis. However, the
reasons for its development and persistent absence
in some ornithischian lineages are still puzzling.
Charig {op. cit., p. 140) noted these problems.
He suggested that the anterior pubic process may
have resulted from a concomitant change to bipeda-
lity; this resulted in a less effective line of action
of the anterior portion of the ilio-tibialis muscle,
since the anterior process of the ilium would have
swung upwards, away from the hindlimb. As a
resuit, the anterior pubic process evolved to provide
increased leverage for a new protractor muscle —

suggested as derivable from the ambiens muscle.
However, Charig was unable to reconcile this
theory with the presence of an anterior pubic pro¬
cess in the large quadrupedal ceratopians and stego¬
saurs, and suggested that the development of this
process may alternatively have been related to a
factor such as large size in ornithischians.
Charig's first explanation for the functional rea¬
sons behind the development of the anterior pubic
process is very elegant, and it can be expanded in
order to explain the situation in the rather ano-
malous stegosaurs and ceratopians. The effect of
size seems unlikely to have governed the develop¬
ment of the anterior pubic process, as the large
ankylosaurs appear to be able to manage without
one, as does the large individual of Scelidosaurus
(total length approximately 3 m) yet small ornitho-
pods possess long anterior pubic processes (Hypsi-
lophodon). It could be argued that the (?) sup-
porting function of the anterior pubic process had
been replaced by the huge overhanging iliac blades
in the ankylosaurs, but similar broadly expanded
ilia are present in ceratopians and stegosaurs.

Primitive ornithischans. In these forms the anterior
pubic process is short, but never absent; most pro-

bably, it served as the area of origin for the M.
ambiens and the M. pubo-ischio-femoralis internus
1. The latter had migrated from its primitive posi¬
tion on the internai surface of the ilium, to the
dorsal and latéral surfaces of the adjacent anterior
pubic process. In this connection, it is interesting
to note that small tubercles have been noted on the
latéral surface of the prepubic process of Hetero¬
dontosaurus which were tentatively identified as
origins for heads of the M. pubo-ischio-femoralis
internus (Santa-Luca, et al., 1976). The very well-
preserved pubes of Scelidosaurus (BMNH R6704,
Rllll) and these show a quite rugose dorsal edge
to the anterior ramus, and a lightly striated latéral
surface; which are directed toward the fémoral
shaft. It seems likely therefore that, even though
the principal protractor of the fémur was the M.
ilio-tibialis 1 in promitive forms, the action of this
muscle was augmented by the M. pubo-ischio-femo¬
ralis internus 1. The latter had presumably trans-
ferred its origin to the small anterior pubic process
to increase its effectiveness as a protractor, rather
than as an adductor and partial protractor as it is
still in crocodilians, and probably was in some
"semi-erect" thecodontians. The subséquent évolu¬
tion of the anterior pubic process was almost cer-
tainly governed by the posture adopted by later
lineages.

Ornithopods : these forms are typically bipedal and
have, as a rule, a well-developed, rod-like or flat-
tened anterior pubic process. This afforded a great-
ly increased area for attachment of the fémoral
protractor musculature of this process, and also
increased the leverage which these muscles could
exert on the fémur. This reduced the dependence
on the anterior process of the ilium, which had now
become less advantageously positioned since it had
swung upwards in these bipedal forms.

Ankylosauria: show no development of an anterior
pubic process, and are obligate quadrupeds. It seems
probable that these forms were quite early depar-
tures from the primitive ornithischian stock. The
anterior pubic process is primitively absent, and
the main protractor muscles, probably the M. ilio-
tibialis 1, arose from the ventral surface of the broad,
overhanging anterior iliac blade. The quadrupedal
gait removed the necessity of developing an anterior
pubic process. Thus the entire pubis almost com-
pletely disappeared in these forms, as its functions
were performed by the ilium and ischium.

Ceratopia and Stegosauria: both of these suborders
of the Ornithischia are typically quadrupedal and
possess deep, flattened anterior pubic processes.
According to the model above, these forms should
not possess an anterior pubic ramus. However, both
of these groups appear to have been primitively
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bipedal and to have become quadrupedal secon-
darily; the great disparity in length between fore
and hind limbs in very suggestive of bipedal fore-
bears. The ceratopians are almost certainly derived
from forms like the small bipedal psittacosaurs, but
the ancestry of the stegosaurs is less clear. The
anterior pubic process was probably developed
during the primitive (bipedal) stage of the évolution
of these two groups, and was presumably retained
by the later secondarily quadrupedal forms.

(d) Some persistent problems in restorations of the
pelvic musculature of ornithischians. As might be
expected from its anatomical structure, the muscu¬
lature of the pelvis of Iguanodon is quite closely
comparable to that of birds. The principal areas of
doubt and ambiguity arise where homologous struc¬
tures are lacking in ornithischians, namely the ante¬
rior process of the ilium and the anterior pubic
ramus. In the case of the anterior process of the
ilium, ROMER (1923b) proposed that this structure
had the form of a prolongation of the primitive
dorsal iliac spine, whereas in birds the entire ante¬
rior edge of the iliac blade was expanded. ROMER
assumed that the condition in birds was derived
from the ornithischian condition by hypertrophy of
the ventral edge of the ornithischian dorsal spine.
However, recent work suggests that this interpréta¬
tion is in need of review, as evidence now suggests
that birds and theropod dinosaurs had a far closer
ancestry than did either with the Ornithischia (OS-
TROM, 1974). The function of the musculature
which arose from beneath the anterior process of
the ilium in ornithischians presents one problem.
Ornithischians almost certainly evolved from theco-
dontians with a semi-erect posture. The latter,
judging by their anatomy, were not greatly different
from modern Crocodylia and in all probability their
pelvic musculature was of a similar plan. In these
forms, as with recent crocodilians, the M. pubo-
ischio-femoralis internus 2, arose from the centra
of the posterior dorsal vertebrae and passed
backward across the ambayed area beneath the
dorsal edge of the ilium, to insert on the latéral
surface of the fémoral shaft, below the head of the
fémur. This muscle was probably a very important
factor in the graduai évolution of an erect limb
posture in archosaurs. As a resuit of its position,
this muscle naturally protracts the femur. However,
there are in addition two other important functions
performed simultaneously with this: adduction and
rotation. Adduction is achieved because the muscle
has an oblique orientation; that is, it passes diago-
nally backward and outward from its origin near
the midline, to insert on the outer surface of the
femur. Contraction therefore not only draws the
femur forwards, but also inwards, into a more erect
position. Rotation is achieved as a conséquence of
the position of the insertion of this muscle on the

latéral surface of the shaft of the femur. These last
two functions were essential prerequisites for the
subséquent development of the ability to attain an
erect, vertical limb posture, as found in some theco-
dontians and dinosaurs.
Once the dinosaurian limb posture had been achiev¬
ed, several consequential changes in the form of the
hind limb occur. The femur develops a more of less
straight shaft, an inwardly turned head is supported
by a short neck, and latéral to this, the prominent
greater and less trochanters are developed. These
changes imply some reorganization of the muscula¬
ture inserting near the proximal end of the femur.
The following suggestions are purely spéculative,
but serve to indicate one possibility of the func-
tional reorganization of some of the pelvic muscles
which took place in the change from the thecodon-
tian "crocodiloid" to dinosaurian pelvic and hind-
limb structure.

M. ilio-femoralis. As a conséquence of the forward
rotation of the femur which took place with the
change from "semi-erect" to "fully-erect" limbs, the
M. ilio-femoralis insertion came to lie on the dorsal
surface of the anteroventrally directed shaft rather
than in its original dorsal position on a laterally
directed femur. As a resuit, this muscle became a
fémoral protractor rather than an abductor or ele¬
vator; it ran along the dorsal surface of the fémoral
shaft, over the 'pulley' formed between the greater
trochanter and the fémoral head, and backwards to
its origin on the latéral surface of the ilium, above
and behind the acetabulum. To increase the effec-
tiveness of this fémoral protractor, the 'dinosaurian'
lesser trochanter was developed. This increased the
leverage exerted by this muscle and caused the
muscle, or a slip thereof, to alter its insertion to a
more proximal position. Certainly, as pointed out
previously, the muscle scar striations seem to indi¬
cate that the muscle which inserted on the lesser
trochanter came from the area on the ilium which
was probably occupied by this muscle. The large
size of the lesser trochanter in early ornithischians
(Lesothosaurus) is another feature which can be
tentatively correlated with the élaboration of M.
ilio-femoralis. In these forms, the backward rota¬
tion of the pubis has 'removed' some of the prin¬
cipal pubic fémoral protractor muscles, so that the
M. ilio-femoralis would become, in theory at least,
a very important protractor. Hence the larger and
more prominent the lesser trochanter, the greater
the leverage (moment arm) of this muscle. In this
respect the lesser trochanter appears to be crest-
like, and is not separated from the greater trochan¬
ter in Heterodontosaurus (Santa-Luca, 1980).

M. pubo-ischio-femoralis internus 2. The change in
orientation of the fémoral shaft and development
of the fémoral trochanters also radically altered the
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function of this muscle. In the fémur of the fully
erect dinosaurs, the torsion of the shaft has twisted
the essentially latéral surface of the fémur in theco-
dontians into an anterior surface. The M. pubo-
ischio-femoralis internus would therefore be ex-

pected to have an insertion on the dorsal surface
near the proximal end of the shaft. However, no
such insertion can be identified in ornithischian
femora. It seems possible that this muscle had in
fact transferred its origin to the dorsal margin of
the greater trochanter. This is quite feasible if the
lesser trochanter was, as has been suggested, asso-
ciated with the M. ilio-femoralis, since the upward
migration of the ilio-femoral muscle would have
'forced' the M. pubo-ischio-femoralis 2 upwards on
to the adjacent greater trochanter. As a resuit of
the displacement of this muscle, it would have
undergone a complete change of function. It now
inserted above the centre of the fémoral head and
therefore acted to retract the fémur; its ability to
adduct the fémur was lost, and the original rotatory
component now merely served to clamp the fémoral
head into the acetabulum. The loss of this extre-

mely important fémoral protractor must presu-
mably have been compensated for by the develop-
ment of the anterior process of the ilium, which
provided an origin for an equivalent of the avian
"sartorius", and also by the "new" protractor func¬
tion of the M. ilio-femoralis, which inserted on the
lesser trochanter.

ossified tendons

The presence of ossified tendons on either side of
the neural spines of the dorsal vertebrae is a charac-
ter which is found in all Ornithischia and some

birds (personal observation). These structures
have, for a long time, puzzled palaeontologists, and
have provoked several papers concerning their
arrangement, structure and probable function.
Their arrangement was first described by dollo
(1887a) using some of the well-preserved Iguano¬
don skeletons from Bernissart (IRSNB 1551, 1561).
In these specimens, the ossified tendons are pre-
served as a rhombic lattice along either side of the
neural spines of the dorsal, sacral and caudal verte¬
brae. Dollo noted that these structures were truly
bony — not artefactual remains — and homolo-
gized them with the dorsal epaxial muscles, which
Owen had earlier described in a similar rhombic
lattice arrangement in Aptéryx australis. He also
added the proposai that these tendons supported
the vertebral column against the force of gravity.
Dollo could use this explanation for those ossified
tendons lying along the dorsal vertebra, but he was
unable to use it for those which lay above the caudal
vertebrae. In the latter case, dollo had recon-
structed Iguanodon in an upright, bipedal posture,
so that most of the tail rested on the ground, which

seemingly obviated the need for such tendons in
this région (cf. Norman, 1980). Dollo therefore
suggested that these tendons served to brace the
tail against the pull of the powerful caudi-femoral
musculature {op. cit., 261-262).
Moodie (1928, 1929) was the first to investigate
the detailed structure of ossified tendons, using
fragments, from the hadrosaur Anatosaurus annec-
tens and the ankylosaur Ankylosaurus. Cut sections
of these specimens revealed that their structure was
surprisingly uniform.

"The arrangement of Haversian Systems is strikingly
regular, and there is no evidence of stellate cells, or
bundies of tissue, so characteristic of recent tendons.
Osteoid tissue, so abundant in the skeletal parts of
fossils reptiles, is strikingly absent from the fossil
tendons. There is an interesting similarity in the
histology of the ossified tendons and pathological
fossil bone in the tendency of both to the production
of fairly perfect Haversian systems."

(Moodie, 1928: 2)

Opinions of the function of these tendons have been
principally of two kinds, both concerning hadrosau-
rian biology. The first was that of Osborn (1912).
Brown (1916) and others since Leidy (1859), who
considered that hadrosaurs were essentially aquatic.
For this mode of life, the ossified tendons were
conceived of as a system of braces along either side
of the tail, which aided the powerful latéral flexures
of the tail during swimming (colbert, 1951). The
second view was that hadrosaurs were primarily
terrestrial (Ostrom, 1964). The latter reviewed, in
some detail, the probable biology of hadrosaurs
and the function of their ossified tendons. He con-

cluded that the lattice arrangement of ossified
tendons was functionally equivalent, in terms of its
potential mechanical properties, to the supporting
struts of a cantilevered bridge. This suggested that
the development of ossified tendons was primarily
a terrestrial adaptation, to prevent excessive sag-
ging of the vertebral column. The aquatic adapta¬
tions of hadrosaurs (the allegedly weebed hand,
and the deep tail) would have allowed these animais
to migrate across coastal plains and swamps in their
normal habitat, where limited swimming capabili-
ties would be an advantage. These proposals were
further enlarged upon by Galton (1970) who
advocated, even more strongly, the anatomical fea¬
tures suggestive of terrestrial locomotion in hadro¬
saurs, and many other ornithopods. More recently
the function of ossified tendons has been considered
in relation to the function of the tail in sauropod
dinosaurs, considering whether it might have been
used for swimming, as a whip-lash in defence, or
merely normally held off the ground (coombs,
1975). In this context, the discussion of the function
of ossified tendons seems singularly inappropriate,
since saurischian dinosaurs do not possess ossified
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tendons along the vertebral column. Indeed, the
functions of the ossified tendons of the Ornithischia
seem to be achieved by at least two different mecha-
nisms in the Saurischia. Both the lumbering sauro-
poda and the more agile theropods possess hypo-
sphene-hypantra articulations between vertebrae
and rugose areas along the anterior and posterior
edges of the neural spines, which were bound to-
gether by powerful ligaments. These served to bind
the neural spines together in much the same way
as did the ossified tendons running along the sides
of the neural spines in ornithopods. ostrom (1969,
1969a) described another method of backbone
strengthening in the theropod Deinonychus. In this
form, the zygapophyses and chevrons of the distal
caudal vertebrae are greatly lengthened and form
a sheath of bony rods around the tail, greatly
strengthening it. This development has been corre-
lated with an improvement in balancing in this
animal, associated with being able to pursue and
capture moving prey, and also with the ability to
stand on one leg, while striking its grey with the
other, the foot of which bore a massive sickle-
shaped talon. This same problem of improving the
balancing ability in a fleet-footed animal, was
solved in similar fashion by the ornithopod Hypsi-
lophodon. Galton (1971) described a sheath-like
arrangement of ossified tendons surrounding the
distal end of the tail in this form; he proposed that
this served as a dynamic stabilizer, useful for an
animal which, from its anatomical construction, was

probably a fast runner.
However, coombs did pass several comments per¬
tinent to the problems of the functional significance
of the ossified tendons of ornithischians. Firstly, he
proposed that these structures did not add rigidity
to the vertebral column, because they could easily
bend through any are assumed by the vertebrae;
and secondly, that they were ossified to reduce the
stretching which occurs in long tendons. These fac¬
tors he correlated with either swimming, or holding
the tail clear of the ground, in hadrosaurs, and with
the ability to swing a heavy tail club in some anky-
losaurs.

General considérations
There are a few général facts regarding the struc¬
ture and probable function of the ossified tendons,
which should be stated prior to any functional consi¬
dérations.

(i) In those forms in which the lattice of ossified
tendons is well developed (hadrosaurs and iguano-
dontids), the vertebral column of naturally pre-
served, articulated specimens is nearly always
straight in the région occupied by these tendons
(Figs. 1; Brown, 1916, pl. 13, fig. 2).

(ii) The ossified tendons in the lattice are rather

loosely attached to the neural spines of the verte¬
bral column. That is to say that even the least dis-
turbed skeletons of hadrosaurs show some evidence
of displacement of their ossified tendons. This sug-
gests that they were not firmly bound to each of
the neural spines that they lie across. It has also
been noticed that in Iguanodon atherfieldensis at
the most, only one end of any ossified tendon is
fused to a neural spine. Those which are fused, are
fused against the neural spines of the sacral verte¬
brae; the latter seems to act as an area of anchorage
for ossified tendons from the dorsal and caudal
régions. The free ends of the ossified tendons are

usually blunt, rounded and slightly flattened.

(iii) Moodie's work on the histology of ossified
tendons reveals one obvious point of functional
significance. These tendons functioned as tensile
rods; this accounts for the remarkably uniform
Haversian Systems and for the absence of large
vascular spaces, Volkmann's canals and bundies of
osteoid tissue, since these would be natural foei of
stress concentration in a stressed rod. This factor
also accounts for the structure of the lacunae (MOO-
die, 1928, fig. 46) which are shallow biconvex dises,
aligned along the axis of stress, again minimising
stress concentrations.

(iv) The ossified tendons are usually most nume-
rous immediately around the sacrum, and become
less numerous anterior and posterior to this area.
Notable exceptions to this condition are forms like
Hypsilophodon and Tenontosaurus (ostrom,
1970) which possess a sheath of tendons around the
distal end of the tail.

(v) In none of these forms possessing ossified ten-
dons is there any indication that the vertebral
column has lost any particular range of movement.
The articular surfaces of the centra, and the zygapo¬
physes, are all well developed.

Functional considérations
There are very strong reasons for suggestion that
most ornithopods normally held their vertebral
column more or less horizontally, especially when
moving (Lull and Wright, 1942; Ostrom, 1964;
Galton, 1970; Norman, 1980). In such a position,
the long vertebral column is supported at its middle
by the pelvis; there must therefore have been, a
great tendency for the column to sag at either end,
caused by the sheer length of the vertebral column
and the combined weight of the hypaxial muscula¬
ture and viscera. In the large Ornithopoda, this
effect must have been considérable requiring, in
theory, extremely powerful epaxial muscles. As
Ostrom pointed out (op. cit. ) this problem appears
to have been solved by the lattice of ossified ten-
dons, which provides a perfect cantilever system to
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support the vertebrat column against the effects of
gravity; this parallels the arrangement in theropods,
which instead used powerful intervertébral liga¬
ments. Thus, the général principle concerning the
support of the vertébral column has been establish-
ed. However, exactly how and under what condi¬
tions the ossified tendon System operated in the
living ornithopod has not been considered in any
great detail.

Support and locomotion. These two functions are
intimately associated in the living animal and must
be considered together in the ornithopod. A natural
conséquence of locomotion in bipedal ornithopods
(and the majority of animais) is that forward pro¬
pulsion is accompanied by an alternate rise and fall
of the centre of gravity with each stride. This oscil-
latory effect implies certain functional requirements
of the vertébral column and its supporting system
in ail bipedal ornithopods, and especially those of
moderate to large size (iguanodontids and hadro-
saurids). From a mechanical point of view it is pro-
bably best to visualise the bipedal ornithopod as a
slightly flexible, horizontal beam (the vertébral
column) balanced at its centre on a telescopic strut
(the hindlimb). During the normal locomotory
cycle, this simplified system would travel forwards,
as the telescopic strut alternately extends and
retracts. The balance point (fulcrum, at the aceta-
bulum) during this sequence, describes a simple
sine wave. Considered at a fixed point, the balance
point oscillâtes in a vertical plane, as does the hori¬
zontal beam. Flowever, due to the inertia of the
beam, its distal ends rise and fall momentarily later
than the centre; in other words, the oscillations of
the ends of the beam would be out of phase with
those at the centre. Therefore in life the oscillations
encountered during walking imply that the verte-
bral column of ornithopods was impelled to flex in
the vertical plane in order to accomodate 'out of
phase' oscillations of the ends of the vertebral
column. A vertebral column which was rigidly
clamped by a trellis of ossified tendons would
therefore be totally impracticable, since it would
cause considérable jarring of the vertebral column,
as it lacks the elasticity essential to any dynamic
system. In Iguanodon, as had already been pointed
out, the ossified tendons appear to have been fused
to the neural spines of vertebrae (usually sacral) at
one end alone, the remaining end being free and
available for some form of flexible attachment.
However, Lull and Wright (1942) and Ostrom
( 1964) stated that the ossified tendons of hadrosaurs

"... attached at their anterior end to the base of a

neural spine and extended backward an upward to
a posterior attachment near the crest of another
neural spine some 4 to 10 vertebrae caudad."

(Ostrom, 1964: 992)

In view of the above considérations this seems an

extremely unlikely arrangement. Unfortunately, no
adequate hadrosaurian material has been available
for an examination to détermine whether or not the

findings reported above are accurate.
The problem which remains concerns the mode of
attachment of the free end of the ossified tendons
to the vertebral column. In coombs' view, this
would be through a muscle. An alternative is that
the free end of the ossified tendons inserted on the
neural spines of the vertebrae by means of short
natural tendons. These short tendons would pro¬
vide a restricted amount of elasticity to the
otherwise inextensible ossified tendons, which was

necessary to this system, and they would also pro¬
vide a powerful elastic recoil. In this way the verte¬
bral column could become a self-bracing system,
which is more economical than one supported by
muscle. Indeed, the horse and other ungulates have
a very roughly comparable adaptation to provide
support for their large, heavy heads. This relies on
a very powerful band of elastic connective tissue,
the ligamentum nuchae, stretched between the occi¬
put of the skull and the tips of the neural spines.
This structure reduces the bulk of muscle otherwise

necessary to support the head, and also reduces the
amount of metabolic energy which would have been
needed to maintain the head in its normal position.
If muscles were attached to the ossified tendons
instead, there would be several inconsistencies.
Firstly, the musculature for the caudal ossified ten¬
dons in Iguanodon atherfieldensis would have been
situated toward the distal end of the tail, since the
majority of these tendons insert against the sacral
neural spines. These would therefore have added
considérable bulk and weight to the end of the tail,
the very structure which Coombs supposes they
were trying to raise from the ground! It would seem
that a similar large bulk of muscles would have
been present above the shoulder and anterior dorsal
région which, although not entirely unreasonable,
seems a little impractical for such an animal. In addi¬
tion, there is the problem of the metabolic energy
drain that these muscles would create. In the large
hadrosaurids and iguanodontids, the tensile stresses
acting along the spine must have been very considé¬
rable and would have necessitated a large bulk of
powerful epaxial muscles to resist these stresses, so
that ail postures, whether while stationary or while
moving, would have involved considérable, conti-
nuous strain on these muscles. It is rather difficult to
visualize the musculature involved in latéral undula-
tion associated with ossified tendons of such great
length; also, the action of these muscles would have
been extremely inefficient as a resuit of the great
length of the ossified tendons, and their extremely
low angle of insertion on the neural spines. In this
respect, their ability to produce latéral undulations
of the tail seems extremely dubious.
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In the aquatic environment, the mechanical pro-
blems of weight support are removed by displace¬
ment. In this state, the entire vertebral column in
the large ornithopods is buoyed up and the ossified
tendon lattice would have 'relaxed' because the lon¬

gitudinal tensile stresses had been removed. Thus
it is conceivable that in this situation the tail might
be used as a sculling organ. This action could have
been powered by residual epaxial muscles inserting
on the caudal ribs. However, as ostrom (1964)
pointed out, the ossified tendons would not only
brace the tail, but would effectively limit the
amount of latéral flexibility in the tail, as well and
the amplitude and frequency of undulation —

crocodiloid caudal undulation seems extremely
improbable. If, as has been suggested, the ossified
tendons had muscular ends, these could not have
been of much use in sculling, because the tendons
are far too long and insert at very low angles on
the neural spines to provide sufficiënt lever arms
to flex the vertebral column. The lever arms of
these muscles would be very small even if the ossi¬
fied tendons were attached to the tips of the caudal
ribs because of the great length of the ossified
tendons. In any case, the fore and hindlimbs could
have been used very effectively as paddies for swim-
ming, without necessarily needing the added pro-
pulsion from the tail.
In some ankylosaurs, ossified tendons are found
near the tail club and may have prevented the tail
from suffering whip-lash damage after striking an
object, by stiffening the région of the tail proximal
to the club. Alternatively, they might be associated
with the muscles which swung the tail club, as pro-
posed by Coombs (1974, 1979).
In conclusion, the ossified tendon lattice of hadro-
saurids, iguanodontids and in fact most ornithopods
formed a supporting framework of tensile rods,
which were attached by natural tendons to the
neural spines on at least one of their ends. This
arrangement conferred on the vertebral column the
dynamic properties necessary to permit normal
"oscillatory" locomotor movements. This system
has the advantage of being self-supporting and does
not require the expenditure of considérable quanti-
ties of metabolic energy associated with a system
supported by muscles, since energy can be stored
and released in the collagenous portion of each
tendon. It is not necessary to suppose that all of
the epaxial musculature was reduced to the condi¬
tion of ossified tendons in these large ornithopods,
only a comparatively small number of epaxial
muscles seem to become ossified, probably in
response to the proportionate réduction in longitu¬
dinal stresses. The positioning of the majority of
ossified tendons against the neural spines, makes it
less likely that the ornithopod tail was an effective
swimming organ; they would have restricted latéral
movements of the tail and could not have provided

the power for such movements. The sheaths of ossi¬
fied tendons found around the distal end of the tail
in Tenontosaurus (ostrom, 1970) and Hypsilopho-
don (Galton, 1971, 1974) probably served to hold
the distal end of the tail rigid in these forms, and
may well have been attached to more proximally
placed epaxial and hypaxial muscles; these could
have served to clamp the distal end of the tail rigidly
when they were contracted, to form a rigid stabi-
lizer or dynamic counterbalance for rapid changes
of direction when running at speed.

Notes on the excavations at Bernissart: 1878-1881

De Pauw (1902) and Casier (1960, 1978) have
alluded to the existence of detailed plans of the
excavations at Bernissart made between 1878 and
1881. Many of these plans are still preserved in the
archives of the Royal Institute of Natural Sciences,
Brussels and have made possible the reconstruction
of details of the excavations.
The popular interprétation of Bernissart and its
fossils among palaeontologists from Britain and the
United States in particular is summarised very
effectively by Colbert.

"The bones were not contained within the regular
stratified beds of the coal mine, but rather were

deposited in unstratified clays that eut through the
layered shales and coals. In short, the fossils were
within a cran, a deep pit or filled fissure, extending
down through the sediments. Did this remarkable
concentration of bones through such a depth of sedi¬
ments signify a long period of time during which
many dinosaurs died and were buried in accumu-
lating muds? One might think so, but careful work
by M. De Pauw and his assistants would seem to
indicate that within the coal mine of Bernissart there
was preserved an ancient ravine — a narrow, deep
gully in the Cretaceous landscape, into which, within
a comparatively short span of years, many iguano-
donts had slipped and fallen and died, to be buried
in deep deposits of mud brought in by flooding
waters after heavy rains. The painstaking digging
and mapping that were done in the mine revealed
this detail in an ancient landscape; it was possible
to delineate the banks of the Cretaceous ravine, and
to discern the inwash of sediments that had filled it
— all quite distinct from the regular layers of coal
and shale that were being mined far beneath the
surface of the earth."

(Colbert, 1968: 58)

This général view has been elaborated and embel-
lished, particularly in popular books on dinosaurs,
to the point where it is regarded as fact that the
herd of Iguanodon was stampeded [by carnivores
or a forest fire and feil into the ravine at Bernissart
en masse (e.g. halstead, 1975)]. Such interpréta¬
tions do not accord with the facts so far as they are
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NW

\ Puit 3

- (Above) First phase of excavations: 1978, prior
to the earth movements which flooded the galle-
ries. Five skeletons partially excavated. "Ind A"
was prepared and mounted in 1878/9 (IRSNB
1716) (Adapted front original archive documents
IRSNB).

- (Below) Plan layout of the full extent of the first
phase of excavation at 322 métrés showing the
distribution of the skeletons in situ. (Adapted
from original archive documents IRSNB).

Fig. 83.

SE Fig, 34
Fig. 82. - (Above) Bernissart and its excavations. Plan

drawing of the excavations at 322 métrés (cross-
hatched) and 356 métrés (black line).
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known, as was stated as early as 1878. The archive
material confirms that neither the views of col¬
bert (1968) nor others are correct.

further details of the excavations

A général plan view of the Cran du Sud* (Fig. 82)
reveals that the two galleries from which fossils
were collected ran WNW-ESE (at a depth of 322
métrés) and NW-SE (at 356 métrés). Within these
galleries there were, respectively, 60 métrés and
8 métrés of fossiliferous sediment (cornet and
Schmitz, 1898 — after Sohier unpublished
archive drawings). The fossils were apparently reco-
vered from three areas and were documented with

varying degrees of completeness by Sonnet and
De Pauw. Since interest would have undoubtedly

been most intense shortly after the first discoveries,
the first area to be excavated received the most

detailed attention, it also yielded the greatest
number of specimens and consequently allows the
most complete rétrospective reconstruction.

lst series of excavations
In October 1878 the first excavations at 322 métrés

depth had to be abandoned because of flooding after
an 'earthquake' in August (De Pauw, 1902). At this
time plans of the excavations reveal that at least five
separate skeletons of Iguanodon had been discove-
red (Fig. 83) although only that of "A" (Fig. 83, Ind.
A - IRSNB 1716) had been excavated completely.
Between October and April of 1878/9, individual
"A" was prepared and mounted in the museum

workshop (la Chapelle St Georges) see Casier
(1968: pl. V, right). This was one of the earliest
mounted skeletons of associated dinosaur remains.

* Delmer and Van wichelen (1980) have discovered that the
renowned Cran from which the fossils were recovered was the
Cran du Sud and not the Cran du Midi as it has been called in
all previous literature.

Fig. 85.- Original plan drawing of a skeleton as preserved
at Bernissart, prior to removalfrom the mine. (See
Fig. 89-A3).
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Fig. : - Re-drawn frorn original archive documents show-
ing geological sections and transect lines of the
excavation site at Bernissart. Prepared by Louis
De Pauw.

5m
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From May 1879 onwards, excavations proceeded
with considerably greater success resulting in the
removal of 14 more or less complete and 4 partial
skeletons of Iguanodon, 2 Bernissartia (Fig. 84, Be
- a dwarf crocodile) skeletons, 1 Goniopholis skele-
ton (Fig. 84, Go - a crocodile), 2 turtles (Fig. 84,
Ch) and innumerable fish and other remains that
were not recorded on the plans. A comprehensive
series of plans of the excavation of each skeleton
produced by Sonnet and De Pauw (Fig. 85) has
made it possible to construct a plan view of this lst
Series of excavations with the skeletons in situ (Fig.
84). In addition to this, there are some geological
sections which record the stratigraphie levels from
which the fossil remains were recovered (Fig. 86).
It is evident from the records that (a) the sediments
were clearly stratified (contra colbert, 1968) and
(b) that some beds were essentially without fossils
while others were abundantly fossiliferous with the
dinosaur skeletons being found in several discrete
layers (four according to De Pauw (1902). Crude
vertical geological sections were prepared along the
transect lines A-B, c-K-E-H-D, J-K, E-F and G-H
(Fig. 86). Included in these sections are letters "M",
"N'\ "S". In général, the letters seem to correspond
to the letter code used to identify individual skele¬
tons (see Fig. 84). Unfortunately, however, this
does not seem always to be the case. For example,
"J" refers, apparently, to "ossements J" which
includes individuals "O" and "U" (Fig. 84) yet it is
not clear whether "O" on another section refers to

"ossements O" [unknown indivudal (S)] or really
to individual "O" ("ossements J")! The use of
similar letters to identify both individual skeletons
and/or apparent layers of accumulated skeletons
unfortunately adds uncertainty to the interprétation
of these otherwise remarkable records. This con¬

fusion simply reflects the difficulty of excavation
such a concentrated accumulation of fossils. Indeed
it is a testament to the diligence of De Pauw and
his team that the records are as good as they are.
While it is not possible to use the letter codes with
any great confidence to obtain information on the
sequence of déposition of the skeletons, it is never-
theless possible to distinguish a taphonomic (?) pat-
tern from the relative orientation of the various
skeletons (Fig. 87A, B). Fig. 87A illustrâtes all the
skeletons from Fig. 1 which have similar bodily
orientations (O-U-A-R-T-Z). Figure 87B shows
what may perhaps be two patterns L-M-N and J-G-
V-Q-F-Y-S. The général point is that the carcasses
of the dinosaurs may have been aligned by the pré¬
dominant current direction when they were buried.
As an additional observation, just as "M" and "N"
(Fig. 87B) are clearly closely associated in situ (see
Casier, 1960: pl. III), so are "O" and "U" (Fig.
87A) ; there is also circumstantial evidence from the
original plan drawings that "T", "Z" and "R" (Fig.
87A) are closely associated; there is, however no

definite proof of any association between "O" -
"U" and "T" - "Z" - "R", as proposed here on the
basis of similarity of orientation.

2nd series of excavations
After the excavations of this first concentration of
fossils, the tunnel was extended in an ESE direction
across the Cran, passing through an area where the
stratified sediments, were almost horizontal, there
are no archive records of large vertebrate remains
from this area. On the 22nd October, 1879, another
crocodile skeleton (Goniopholis) was recovered in
the gallery at a distance of some 38.4 metres from
the entrance to the cran (Fig. 88A Go). A further
eight well-preserved Iguanodon skeletons were
recovered between 38-60 metres from the original
entrance to the Cran before reaching its opposite
side. Detailed plans of the recovery of each dino¬
saur skeleton are excellent, but there are no records
of any attempt to chart the geology of these depo-
sits, or the relative stratigraphie position of each
skeleton. However, since the skeletons were sepa-
rated by distances of several metres in some cases,
it is probable that they were derived from separate
stratigraphie levels; cornet and schmitz (1898 -
after sohier) indicate steeply inclined beds on both
sides of the Cran. It is a curious fact that the skele¬
tons show the same pattern of orientation as in the
lst series.

3rd series of excavations
By 1881 a new gallery had been extended into the
Cran du Midi at a depth of 356 metres; at this level,
the fossiliferous sediments seem to have been extre-

mely restricted (7-8 metres). Within this région
three more articulated skeletons were recovered

(Fig. 89). Again, clear plans of the skeletons are
preserved (Fig. 85), but the stratigraphie details are
unclear.

geological implications

As early as 1870 cornet and Briart published a
paper which represented the first attempt to pro¬
vide a rational explanation for the presence of
"Cran" or "puits naturels" that had been encoun-
tered on numerous occasions during mining in the
Mons basin. Their conclusion was that these pheno-
mena were created by dissolution of subterranean
limestone and the production of caverns into which
overlying sediments had subsided. The first review
of the discoveries at Bernissart was published by
Dupont (1878), after a visit to the excavations in
the June of that year; having reviewed the fauna,
Dupont discussed the geological nature of the
"Cran du Midi" (= Cran du Sud) and concluded
that it represented a ravine.
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"La crevasse de Bernissart nous apparaît ainsi
comme l'une des vallées latérales de la grande vallée
longitudinale du Hainaut dont le remplissage s'effec¬
tua pendant la période crétacée. Elle était traversée
par une rivière qui venait de déverser dans la vallée
centrale et où se développaient de nombreux pois¬
sons en temps ordinaire, sur les bords marécageux
du cours de l'eau; croissaient d'abondantes fougères
au milieu desquelles vivaient des tortues et des petits
lézards, et les gigantesques Iguanodons, attirés sans
doute par une abondante nourriture, venaient s'y
enbourber et y périr."

(Dupont, 1878: 406)

He did this despite the fact that Cornet (1878)
and Arnould (1878) had already suggested that it
represented a typical "puit naturel". The views of
Dupont were, however, not seriously challenged
until two decades later following the publication of
the first museum guide in which dupont (1897)
not only reaffirmed his views that the "Cran du
Midi" was a valley, but also provided an illustration
of the presumed valley. This publication provoked
a series of severely critical papers refuting Du-
pont's proposai (cornet and Schmitz, 1898;
Van Den Broeck, 1898; De Pauw, 1898; Van
Den Broeck, 1899; Van Ertborn, 1902 and De
Pauw, 1902). The consensus of these papers was
that the fine-grained, highly stratified sediments,
the articulated nature of the fossils and the charac-
teristics of the irregular mass of sediment of either

Fig. 87. - Galleries at 322 metres deptli with skeletons
separated into groups showing similar orienta¬
tions, which may have some taphonomic signifi-
cance. (Adapted from original archive documents

< IRSNB).

Fig. 88-89. - Drawings of the second and third phases of
the excavations at 322 metres and 356 metres

depth respectively. Distribution of the skele¬
tons indicated. Not all of the letterlnumber
coded individuals are now identifiable in the
collections. (Adapted from original archive
documents IRSNB).

side of the stratified région of the cran were incon¬
sistent with the river-valley proposai. It was argued
that the fossiliferous sediments were probably
deposited in a lacustrine or marshy environment
which had undergone post-depositional déforma¬
tion as a resuit of collapse into a subterranean
cavern. The most recent review of the occurrence

and geological nature of the "puits naturels" of the
Valenciennes-Mons coal field, which includes Ber¬
nissart, is that of Delmer and Van Wichelen
(1980); their conclusions are that cornet and
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Briart (1870) were probably correct. The
underlying cause of the "puits" is understood to be
through the dissolution of subterranean gypsum
evaporites, interstratified with or beneath the coal-
bearing Palaeozoic limestone, causing subsidence
of the overlying strata. The displacements seem
to resuit in a lozenge of material (usually circular
or elliptic in plan view) falling abruptly; these
falls generate seismic shock waves that have appa-
rently regularly been recorded in this area. Indeed
such a local collapse may have caused the 'earth-
quake' of August 1878 which was witnessed by De
Pauw.

conclusion

As a conséquence of the considérations above,
several statements may be concerning the fossil
locality at Bernissart, which correct frequently
published assertions on the nature of the site.

(i) The sedimentary environment was marshy or
lake-like rather than that of a river-valley.
(ii) There was no pit, chasm or ravine at Bernissart
at the time of déposition of the sédiments. Never-
theless during Wealden times the Bernissart site
may have been somewhat lower topographically
than the surrounding countryside because of subter¬
ranean dissolution; if this was the situation, then it
might explain the preferential accumulation of fos-
sils at Bernissart.

(iii) There was no single catastrophic event which
led to the accumulation of fossils. The mine records
indicate at least in the case of the dinosaurs that
there were four separate depositional layers. This
is tentatively supported by taphonomic evidence
revealed in the reconstruction of the excavation
site.

(iv) There is no clear evidence of a herd of Iguano¬
don at Bernissart. This is not to say that Iguanodon
was not capable of living in herd-like aggregations,
but merely that we cannot prove so from the evi¬
dence at Bernissart.

Summary

The osteology of the skull and lower jaw of I. atherfielden-
sis is described in considérable detail on the basis of the

fragmentary, disarticulated skull of the holotype (BMNH
R5764) and the complete but unprepared skull of the
referred skeleton (IRSNB 1551). By comparison with I.
bernissartensis (Norman, 1980) the skull of I. atherfiel-
densis is generally more slender and lightly built. The only
consistent osteological différences, apart from those which
can be considered to be size-related. are in the structure
of the palpebral and the supraoccipital.
The postcranial skeleton of I. atherfieldensis is described
completely and is, again by comparison with I. bernissar¬
tensis, of gracile proportions. Two proatlases are pre-
served in the referred specimen (IRSNB 1551). Compared
with I. bernissartensis, the dorsal vertebrae have lower,
more elongate centra and have talier more slender neural
spines, there are six sacral vertebrae; the pectoral girdle
and forelimb are considerably smaller and do not show
such extreme weight-supporting adaptations (no inter-
sternal ossification or ossified ligaments in the carpus,
slender lst phalanx on digit II) and the digital formula is
2, 3, 3, 3, 3, compared with 2, 3, 3, 2, 4 in I. bernissarten¬
sis■; in the pelvis and hindlimb, the pubis has a deeper and
more laterally compressed anterior process and the lst
metatarsal is narrow.

The suite of anatomical différences between I. atherfiel¬
densis and I. bernissartensis can be used to define them
as osteological species; however, this begs the question of
their validity as biological species. The position is regarded
as unresolvable in this paper. Fossil species have been
"proved" to be sexual morphotypes in only a few instances
(cf. Dodson, 1975, 1976) in these cases cranial ornamen-
tation proved to be crucial to the analysis. In the absence
of such well-marked visual clues, or osteological characters

that can be unequivocally attributed to sex, it is argued
that the two species of Iguanodon may exhibit size-related
niche partitioning by analogy with closely sympatric spe¬
cies of living mammal.
The comparative anatomy and systematics of Iguanodon,
Camptosaurus, Ouranosaurus, Hypsilophodon and hadro-
saurids is analysed. Iguanodon, Camptosaurus and Oura¬
nosaurus form a clade, the Iguanodontidae rather than a
paraphyletic group. Hypsilophodon is the sister-taxon of
the Iguanodontidae + Hadrosauridae and the latter are
regarded as sister-families.
Myological reconstructions of the forelimb and hindlimb
are attempted. The forelimb myology represents the first
attempt to reconstruct this musculature in any ornithopod.
The hindlimb musculature is compared and contrasted
with previous accounts by romer and galton on related
genera, and the évolution of ornithischian hip anatomy
and musculature is reviewed. The structure and function
of ossified tendons is reconsidered and a much more dyna-
mic rôle is proposed.
Archive material concerning the excavations at Bernissart
reveals that considérable numbers of plan drawings were
made of the original excavations; these show details of
the excavations that have hitherto not been published and
contribute to the debate concerning the nature of forma¬
tion of the fossil site at Bernissart. There was no ravine
at Bernissart in Wealden times; the fossils were not
formed as a resuit of a single 'catastrophe', there appear
to have been at least 4 periods of déposition; the large
number of Iguanodon preserved at Bernissard neither
'proves' nor 'disproves' that Iguanodon lived in herds; the
'Cran' or 'puit naturel' was formed by subterranean solu¬
tion of evaporites to form caverns into which the super-
incumbent strata collapsed.
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Appendix I

A catalogue of skeletal remains of Iguanodon sp. in the collections
of the Institut Royal des Sciences Naturelles de Belgique updated
and amended from casier (i960, 1978).

Registered number
[letter code]
IRSNB 1534 [Q]

IRSNB 1535 [N]

IRSNB 1536 [A3]

Notes and comments

Holotype - I. bernissartensis Boulenger,
1881. Mounted skeleton, lacking: distal por¬
tions of digits II-IV of right manus, the distal
phalanges of digits III-1V of left pes, the right
ilium and an "intersternal ossification".

Figured extensively in Norman (1980).
Mounted 1882/3.

Paratype - I. bernissartensis. Skeleton dis-
played "en gisement", lacking distal portions
of both hindlimbs and many ribs. Skull figured
by Dollo (1883, pl. IX), Casier (1960, pl.
XII). Assembled in 1905.

Paratype -1. bernissartensis. Mounted skeleton
lacking only distal end of tail. Figured extensi¬
vely in Norman (1980). Mounted in 1888.
(Skull sectioned sagittally).

IRSNB 1551 [T] I. atherfieldensis hooley, 1925 (non. I.
"mantelli" Von Meyer, 1832). Mounted
skeleton, well-preserved, lacking portion of
tail. Figured Dollo ( 1882) and Casier (1960 :
pl. XIX), as '7. mantelli". Mounted in 1884.

IRSNB 1558 [N/A] Distal end of left radius and ulna and left
manus. Well-preserved. lacking only phalanx 3
of digit V. Figured Norman (1980: Figs. 59,
60, 78, 80). Also includesentire right forelimb.
Assembled in 1905.

IRSNB 1561 [L] Paratype - I. bernissartensis. Mounted skele¬
ton, lacking distal portions of right radius and
ulna, manus, and distal portions of right tibia,
fibula and pes. Skull figured Dollo (1923)
and Norman (1980, pis. I. II). Mounted in
1886. (Skull partly disarticulated).

IRSNB 1562 [E2] Paratype - l. bernissartensis. Mounted skele¬
ton almost complete but poorly preserved.
Mounted in 1890. (Skull transected).

IRSNB 1639 [R] Paratype - I. bernissartensis. Mounted skele¬
ton almost complete but poorly preserved.
Mounted in 1905.

IRSNB 1657 [D2] Paratype - I. bernissartensis. Mounted skele¬
ton, skull poorly preserved. Both hindlimbs
imperfect, tail missing. Mounted in 1905.

IRSNB 1680 [J] Paratype - I. bernissartensis. Skeleton dis-
played "en gisement". Skull obliquely frac-
tured, remainder of skeleton rather poorly
preserved. Portions of left hindlimb and right
forelimb missing. Assembled in 1891.

IRSNB 1709 [N/A] I. bernissartensis. Forearm and manus em-

bedded in matrix exposed on upper surface.
The lower surface is encased in a piaster
jacket in which can be seen iron rods for
reinforcement, as described previously.

IRSNB 1710 [N/A] I. bernissartensis. Distal part of tibia and right
pes. Displayed as preserved in partial articula¬
tion. [Also carries original réf. nos.: 1737-
023D],

IRSNB 1711 [N/A] I. bernissartensis. Portion of tail preserved in
articulation and displayed "en gisement".
Assembled in 1905.

IRSNB 1712 [N/A] I. bernissartensis. Major portions of two arti-
culated feet and distal ends of the crus and
tarsus. Assembled in 1905.

IRSNB 1713 [Z] Paratype - I. bernissartensis. Mounted skele¬
ton (imperfectly preserved). - Right manus
and distal ends of hindlimbs missing. Mounted
in 1904.

IRSNB 1714 [G] Paratype - I. bernissartensis. Mounted skele¬
ton. Pectoral girdle imperfect, forelimbs
missing (except right humérus). Right hind¬
limb imperfect, distal end of tail missing.
Mounted in 1904.

IRSNB 1715 [C2] Paratype -1. bernissartensis. Skeleton notable
for the degree of pyritic decay. Hindlimbs
imperfectly preserved. Mounted in 1905.

IRSNB 1716 [A/B] Paratype - I. bernissartensis. Part skeleton
comprising the articulated tail, posterior
portions of the pelvis, distal portions of left
fémur and hindlimb. This was the first ske¬
leton to be excavated systematically and
mounted. The anterior portion was undoub-
tedly destroyed during initial gallery construc¬
tion. Mounted Nov. 1878.

IRSNB 1722 [M] Paratype - /. bernissartensis. Skeleton dis¬
played "en gisement", lacking skull and
anterior cervical vertebrae. Assembled in
1905.

IRSNB 1723 [V] Paratypes - I. bernissartensis. Skeleton (part)
displayed "en gisement". Skull missing as are
the forelimbs and distal end of the tail.
Assembled 1905.

IRSNB 1724[Y] Paratype - I. bernissartensis. Skeleton dis¬
played "en gisement". Skull missing, fore¬
limbs imperfect. Assembled in 1905.

IRSNB 1725 [O] Paratype - I. bernissartensis. Displayed "en
gisement". Skeleton moderately well pre¬
served, skull poor. This individual is unusually
preserved having been dorsoventrally flat-
tened. It is also interesting to note that this
skeleton and IRSNB 1726 [U] have been in-
verted when compared to the original plans
(see Fig. 9). Assembled in 1905.

IRSNB 1726 [U] Paratype - I. bernissartensis. Skeleton dis¬
played "en gisement". Dorsal vertebrae
poorly preserved, as is the pectoral girdle.
This is a smaller than usual (sub-adult?)
individual. Assembled in 1905.

IRSNB 1727 [B3] Paratype - I. bernissartensis. Skeleton dis¬
played "en gisement". Skull missing as are
parts of the pectoral girdle and the manus.
Sternal bones figured by Dollo (1885b).
Assembled in 1905.

IRSNB 1728[B2] Paratype - I. bernissartensis. Skeleton dis¬
played "en gisement". Lacks most of pectoral
girdle and forelimbs, right hindlimb and
distal end of tail. Assembled in 1905.

IRSNB 1729 [M2] Paratype - /. bernissartensis. Skeleton dis¬
played "en gisement". Skull badly crushed
and disarticulated. Pelvis and right forelimb
imperfect. This also appears to be a sub-
adult individual. Figured by Norman (1980,
Figs. 44, 46). Assembled in 1905.
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IRSNB 1730 [F2] Paratype - I. bernissartensis. Skeleton dis-
played "en gisement". Lacks skull and ante-
rior vertebrae and parts of pectoral girdle.
Another sub-adult individual. Figured in
Norman (1980, Fig. 85). Assembled in
1905.

IRSNB 1731 [F] Paratype - I. bernissartensis. Skeleton dis-
played "en gisement". Skull quite well pre-
served externally (Casier, 1960, pl. XII).
Dorsal vertebrae mostly missing as is pelvis
and tail. Assembled in 1905.

IRSNB 1733 [X] I. bernissartensis. Fragmentary forearm and
right manus.

IRSNB 1723 [J2] I. cf. bernissartensis. Poorly preserved series
of caudal vertebrae "en gisement". As¬
sembled? 1905.

IRSNB 1735 [N/A] I. cf. bernissartensis. Ungual and distal pha¬
langes of single pedal digit. (Note that this was
found with IRSNB 1731 [F]).

Unregistered collections

"A"

"C"

"D"

"E"

"2F bis"

"G2"

"H"

I. cf. bernissartensis. Phalanges of pes, fémo¬
ral fragment, sternal bone (possibly asso-
ciated with 1716 [A/B]).
I. bernissartensis. Several cervical vertebrae,
both humeri, sternal bones, distal radius and
ulna, portions of manus, left scapulo-cora-
coid, part of ilium, various indeterminate
fragments.
I. cf. bernissartensis. Fragments of the pes,
ribs and zygapophyses.
I. cf. bernissartensis. Acetabular fragment of
the left pubis, and portions of pubic rami.
Indeterminate fragments.
I. cf. atherfieldensis. Ilium, ischium, pubis,
tibia, metatarsal and ulna.

/. bernissartensis. Large scapulo-coracoid,
humérus, fragments of radius and ulna,
sternal bone, rib fragments, caudal vertebrae,
fragments of pes. [Note : "found alongside Z"]
I. bernissartensis. Partial skeleton including
fragments of skull, cervical vertebrae, dorsal
vertebrae and rib fragments, some caudal
vertebrae, parts of pectoral girdle and fore-
limb. [Note: proximal phalanx of digit I of
manus figured in norman (1980, Fig. 61,
e-h)], fragments of hindlimb and the pes.

"K"? [labelled "K3"]. Indeterminate fragments,
possibly represents fragments found near
individuals "M" and "N" (1722 and 1535 res-

pectively).
"P" I. cf. bernissartensis. Parts of hindlimbs and

left and right pes and some indeterminate
fragments [possibly represents fragments
found overlying individual [G] (1714) referred
to in excavation plans],

"R" [Found with [R]-1639], Humérus, radius and
ulna, distal ends of tibia and fibula, fragments
of vertebrae. Probably referable to "Rbis" of
excavation plan 10.

"S" I. bernissartensis. Partial skeleton consisting
of moderately well preserved series of dorsal
vertebrae, the sacrum, fragments of pelvis and
anterior caudal vertebrae. [Figured in Nor¬
man (1980, Figs. 34-39)].

"Z" I. bernissartensis. Partial skeleton comprising
part skull, cervical vertebrae, dorsal ribs,
fragments of the pelvis and limb bones. [This
is apparently not referable to IRSNB 1713 -

"Z", but represents another individual for
which there are no excavation records],

[Note: Some additional material was collected trom the coal tips
("terril") at Bernissart and includes several caudal vertebrae,
ossified tendons and a small tooth crown which seem referable to

/. atherfieldensis. There is no proof of association of this material
with "2Fbis".l

GENERAL COMMENT

From the catalogue above it is possible to deduce
that at a conservative estimate 37-38 individuals of
the genus Iguanodon were collected from the loca-
lity at Bernissart; of these, there are at least 3 "sub-
adult" specimens of I. bernissartensis, although
these are all rather poorly preserved. There are
also at least 2 specimens of I. atherfieldensis, with
possibly even a third collected from the coal tips.
The remainder all appear to be full-sized presu-
mably adult specimens of I. bernissartensis.
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Appendix 2
Skeletal measurements

I. I. atherfieldensis IRSNB 1551 (T)

Skull

length width height
(mm) (mm) (mm)
540 — —

Cervical Vertebrae length width height height
(mm) (mm) (mm) neural

ventral anterior anterior spine
(mm)

width

neural

spine
(mm)

crushedQ-
C3

C4
C5
Q
C7
cs
C,
C,0
c„

Dorsal Vertebrae

D,
D2
d3
d4
d5
D„
D7
Dx
D,
Dm
D„
Dm
Di3
Ol4
d15
Dl6
DIV (sacrodorsal)

Sacrum

51
52
s3
s4
s5
S6

55

62
62

61e
68e
75

54p — slight
crest

61p
46
41

56

72p
55

47e

47e

48e
47e

52e

length width height height width
(mm) (mm) (mm) neural neural

ventral anterior anterior spine spine
(mm) (mm)

68e 59 52 21 —

70e — 60e — —

80e 58 60e
—

71 59e
— — — 180 —

76 ?lp 63 200e 77

78 — 75 220 80e
80 63p 70e 220 80e
80 69 77 220 80e
79e 73 80e — —

82e 72e — — —

88e — — 240e 80
70e — 84p 240e —

80e — — 240e —

length
(mm)

ventral

77

80

width

(mm)
anterior

crushed

slight ventral sulcus

Caudal Vertebrae

Ca,
Ca2

Ca3

Ca4
Ca5
Ca6
Ca7
Cas
Ca,
Ca10
Ca. 1

length width height height length
(mm) (mm) (mm) neural of chevron

ventral anterior anterior spine (mm)
(mm)

72

73

79
76

crushed

102

92
81
85e

80e 90e

79e
70e
70e

84e
85e

70(e?) 250

— artificial
artificial 25

(style-like)
230(e) 24(e)

(spatulate)
240(e) 22+
240(e) 265

250

Ca13 72 62 68(e) 20(e) —

Cai3 72 61 68(e) — —

Ca14 74(e) 61 66(e) 165 —

Ca15 (last caudal rib) 76 61 68(e) — —

Ca 14 broken 60 65 (e) — —

Ca17 70 60 63(e) — 115

Cals — 60 — — —

Ca i. 72(e) — — — 100

Ca20 72 57 60 10(e) 95

Ca.i 73 58 56 75 85

Ca22 70 57 54 75 65

Ca23 72(e) 59 54 75 5(+e)
Ca24 74 58 52 — 3(+e)
Ca25 74 54(e) 51(e) — —

Ca26 72 50(+) — — —

Ca27 70 53 — — —

Ca2S 70 56 50 — —

Ca2, 70 52 46 — —

Ca3u
Ca31 72 51 42 — —

Ca32 72 50 4 — —

Ca33 70 50 4 — —

Pectoral Girdle and Forelimb

length width width width
(mm) proximal midlength distal

(mm) (mm) (mm)

Scapula

Coracoid

Humérus

Radius

Ulna

R

L

R

L
R
L

R

L

R
L

610(e)
600(e)
120
120

440(e)
430(e)

crushed

345(e)
incomplete

200

180
N/A
N/A

135
140

65(e)

90

85
160
170

50
50

140(e)
140

N/A
N/A

110

77 slightly convex ventrally

R II 115 — — —

III 153 24 — 37(e)
IV 135 34 — 25(e)
V 66 43 — 31

L II 125 25 — 22
III 155 24 — 35
IV 155(e) — — 22
V 67 41 — 30
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Pelvic Girdle and Hindlimb

length height length
(mm) (mm) (postacetabular)

(mm)
Ilium R 700 140 200

L — — 210
Ischium R — —

—

L 750(+) — —

length width width

(anterior (distally-mm) (minimum-mm)
ramus-mm)

Pubis R — 202 104
L 40 190 100

length width width width

(mm) (proximal (distal- (minimum-
mm) mm) mm)

Femur R 760 190 150 107
L — — 160 —

Tibia R 710 20(e) 197 75
L 660(+) — 180 75

Fibula R
T

— — —

Metatarsals
L

R II 200 z
R III 280 — —

R IV 220 — —

L II 190 — —

L III 270 — —

L IV 210

II. I. bernissartensis Holotype IRSNB 1534 (Q)

Dorsal Vertebrae length width (mm) height (mm)
(examples) ventral (mm) anterior anterior

d„ 93 98 134

d10 98 104 148
di6 86 162 140(e)

Caudal Vertebrae length width height length
ventral (mm) (mm) (mm)
(mm) anterior anterior neural

spine
c, 92 170(e) 142 310
c4 87 130(e) 140(e) 280
Cio 98 120(e) 123 230
c15 104 106 106 180
C20 100 97 86 110
c27 98 90 84 60(+)
c37 86 72 67 v. short

prong

Pectoral Girdle and Forelimb

Scapula

Coracoid

Humérus

Radius

Ulna

Metacarpals

length width width

(mm) (mm) (mm)
proximal distal

R 970 370 210
L 920 375 210

R 380 — —

L 370 — —

R 790 240 160
L 820 230 160
R 490 95 55
L 530 — —

R 640 120( + ) 75
L 650(e) 130 75
R II 145 — —

III — — —

IV — — —

V 80 65 65
L II 140 40 50

III 190 60 60
IV 190 70 55
V 90 — 55

width

(mm)
minimum

15(e)
16

280
280

130
125
65

>8(e)

Pelvic Girdle and Hindlimb

length
(mm)

height
(mm)

Ilium R
L 1030+[ 110e] 250

length (mm)
postacetabular

310( + )

length
(mm)

width

(mm)
proximal

width

(mm)
distal

width

(mm)
minimum

Ischium R 1240(e) 380 — —

L 1210 360 120 —

Pubis R 470 170 93 —

L 480 180 97 —

Femur R 1030 270 240 155
L 1020 260 240 160

Tibia R 910 360 250 122
L 900 380 250 133

Metatarsals R II 270 210 100 —

III 340 190 140 —

IV 290 130 110 —

L II 270 200 100 —

III 340 170 140 —

IV 264 100(e) 90+ —

Three partial "subadult" specimens

82 60 45
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III. I. bernissartensis IRSNB 1726 (U) V. I. bernissartensis IRSNB 1730 (F2)

Vertebrae length (mm) height (mm) Vertebrae length (mm) height (mm) width (mm)
ventral anterior ventral anterior anterior

CQ 80 — D,3 82 72 72

C,o 80 — D,5 87 — 100(e)
C„ 80 — d,6 90 — 110(e)
d5 90 — Ca3 78 85 —

D14.. 15 90 IlOp Ca4 78 80(e) —

Caj 80 100 Ca5 79 79 —

Ca5 80 90p Cam 82 75 —

Ca]4 75 75 Cao 81 68 72

Ca20 85 70 Ca,8 84 61 —

Ca30 73 50 Ca2, 84 60 —

Ca41 53 30 Ca2ij 74 52 —

Ca35 62 42 —

Appendicular skeleton
length width width width Appendiculair skeleton

(mm) (mm) (mm) (mm) length (mm) width (mm) width (mm)
proximal distal minimum proximal distal

Humérus L 500 180 120 — Humérus R 530(e) 170 110

Radius L 360(e) — — — Metacarpals L II 100 40(e) 30

Metacarpals L II 90 — 35 — III 145 30 40

III 150 45 — — IV 150 50 40

IV — — 40 — V 7- — —

Ilium 75 + —
— — R II 105 40(e) —

[est 85 max] III 140 40 40(+)
Fémur L 73(?+) — — — IV — — —

Tibia L 65(e) 270(e) 170(e) 100(e) V — — —

Metatarsal II 20(e) —
— — Pubis R 38 72 150(e)

Metatarsals R II 235 85 —

III 280 105 —

IV 200(e) 85(e) —

IV. I. bernissartensis IRSNB 1729 (M2) L II 220(+) — —

Vertebrae length (mm) height (mm)
ventral anterior

Q 84 —

c7 85 —

d5 92 —

D- 94 neural spine - 290 mm long
Caio 82 80(e)
Ca14 85 85

Appendicular skeleton
length width width width

(mm) (mm) (mm) (mm)
proximal distal minimum

Scapula L 830(e) 320 180 140

Coracoid L 280 — — 190

Humérus L 60(+) 200 130 90

Radius L 480 80 90 55

Ulna L 550(e) — 90 60

Metacarpals L II 125 33 46 —

III 170 45(e) 50e —

IV

y
165( + ) — 50e —

R II 130 40 45 —

III 170 35(e) 50(e) —

IV 170 55 45 —

V 85 50(e) 50(e) —
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Appendix 3: Index of Abbreviations

A Articular
a primary ridge
acet acetabulum
add M. adductores
a.fo adductor fossa
Al alveolus

al.p alveolar parapet
amb M. ambiens
An Angular
ant anterior
a.o.ca antorbital canal

a.pr anterior process
ar articular surface

ar.pal arteria palatinus
as astragalus contact
a.sh anterior shelf

a.zyg anterior zygapophysis

b secondary ridge
bi M. biceps
bi-br insertions of M. biceps and branchialis
Bo Basioccipital
br M. brachialis
bs surface for basioccipital
b.sh brevis shelf

Bsp Basisphenoid

c tertiary ridge
ca capitulum
cal calcaneal contact

ca.rib caudal rib
cb M. coraco-brachialis
cc M. costo-coracoideus
c.f.br M. caudi-femoralis brevis
c.f.lo M. caudi-femoralis longus
Co Coronoid

D Dentary
de dépression
de M. deltoides-clavicularis
D.caudae M. dorsalis-caudae
dia diapophysis
dp dorsal process
ds M. dorsalis scapulae
d. trunci M. dorsalis trunci

Ec Ectopterygoid
Ecf ectopterygoid facet
es surface for exoccipital
Ex exoccipital
ext M. femoro-tibialis externus

F Frontal
fa facet
fib fibular contact

fi.c fibular condyle
fl flange
fl.tend flexor tendon
fm foramen magnum
for foramen
fs frontal suture

4th.tr fourth trochanter

gl glenoid
gr groove(s)
gt greater trochanter

ilium.
if. ext M. ilio-femoralis externus

if. int M. Ilio-femoralis internus
ic Intercentrum
if. M. ilio-femoralis
il iliac contact

il.c M. ilio-caudalis
il. fib M. ilio-fibularis
il.tib 1 M. ilio-tibialis 1

il.tib 2 M. ilio-tibialis 2
il.tib 3 M. ilio-tibialis 3
il.tri M. ilio-trochantericus 1

il.tr2,3 M. ilio-trochantericus 2,3
im inner malleolus
int M. femoro-tibialis internus
isch ischial facet
is.tr M. ischio-trochantericus

jp jugal process
Ju Jugal
ju jugal process of lachrymal

La Lachrymal
la lachrymal process
la.du lachrymal duct
lat.abd latéral abdominal muscles
ld M. latissimus dorsi
Id-tm insertions

lig ligament scars

lp lachrymal process
ls M. levator scapulae
l.t lesser trochanter
l.t.fen latéral temporal fenestra

max maxillary suture
mcl metacarpal 1
me Meckel's canal
Me.sh medial shelf

mpp médian posterior premaxillary process
Mx maxilla

N Nasal
na neural arch
na.s nasal suture

ne nasal cavity
ncs neuro-central suture

nm narial margin
ns neural spine
nsr neural spine recess
nub nubbin

obt obturator process
obt.for obturator foramen
od odontoid
ol ossified ligaments
om outer malleolus

Op Opisthotic
Orb orbital cavity
ot ossified tendon

P Parietal

p M. pectoralis
Pa Palpebral
paf palpebral facet
Pal Palatine
Par Prearticular

par parapophysis
pas paroccipital suture
pat Proatlas
Pd Predentary



372 DAVID B. NORMAN

Pf Prefrontal

p.i.f.i.l M. pubo-ischio-femoralis internus 1
p.i.f.i.2 M. pubo-ischio-femoralis internus 2
Pmx Premaxilla

pmg Premaxillary groove
P.ob Postorbital

pob.s postorbital suture
Pp Pleurosphenoid
p.pe pubic peduncle
Pro Proötic

ps parietal suture
p.sh posterior shelf
Psp Parasphenoid
Pt Pterygoid
p.t.fen post-temporal fenestra
p.tib M. pubo-tibialis
pt.pr basiopterygoid process
pts pterygoid suture
pu pubic contact
p.zyg posterior zygapophysis

Q Quadrate
qc quadrate cotylus
Q-j Quadrato-jugal
qu quadrate notch

r rib
r.abd M. rectus-abdominis

rep.cr replacement crown
res résorption facet
rf rib facet
ri ridge

sa.s sacral suture

sa.y sacral yoke facets
sbs M. subcoraco-scapularis
se scar

se M. supracoracoideus
sd sacrodorsal

ser.p M. serratus profundis

ser.s M. serratus superficialis
sh shelf
sh M. scapulo-humeralis
so Supraoccipital
so.s supraoccipital suture
Sp Splenial
sp surface for prefrontal
spal surface for palpebral
Sq Squamosal
sr sacral rib
Sur Surangular
sut suturai surface

Sym symphysis

t.gr tooth groove
tib tibial contact

ti.c tibial condyle
tm M. teres major
tpf tranverse process facet
tr M. triceps (insertion)
tra M. trapezius
tr.c M. triceps coraco-scapularis
tr.e M. triceps scapulare lateralis externum
tr.f transverse fluting
tr. 1 M. triceps humeralis lateralis
tr.m M. triceps humeralis médius
tr.p M. triceps humeralis posticus
tu tuberculum

u ulnare

V Vomer

vas.imp vascular impressions
vcm vena cerebralis media

vid cidian canal

vp ventral process
v.par vena parietalis
vs vomerine suture

vsl ventral slip of M. ilio-trochantericus 2,3
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